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Introduction 

From olden tintos, researches regarding the digestive system and the 
feeding habits of fish have been made time and ag.iin in various countries, 
and reports, as shown later, on these studies have been sLd>miltod in count¬ 
less numbers. But up to the present time not one rei^ort has bcLMi written 
giving a combined and general study of the digestive sysliMn and the feeding 
hcibits of so many si)cci(,*s at one time. 

Since 1929, I liave been engaged in the study using mostly the time 
(ifter ottice hours under the kind guidance of IVnf. Ikusaku Amemiya of the 
Tokyo Imperial UnivcTsity. In the course of the sludy, Dr. Nobuichi Kasuga, 
the Director of the Station, Prof. Sciho Ni'^hi and Dr. Ryuta Usui gave me 
valuable suggestions, kind advices, encouragement as well as facility for the 
study in every way. 1 here express my hearty thanks to those benefactors. 
I am also much indebted to many other gentlemen in connection with the 
completion of the study. The names of them are recorded at th<‘ end of this 
treatise. 

The publication of the present study is enabled by the financial aid of 
the Keimei-Kwai. I express my sincere gratitude to its commitee. 
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Material and Method 


Material 

Being especially favoured by geographical and oceanographical conditions, 
Japan abounds in fish species and for the present study those having almost 
all kinds of habits and habitats were collected and used. Thus, the study is 
based upon the examination of as many as 150 species, belonging to 88 families 
and 132 genera of teleost. The names of them are shown below. 


No. 

Family 

Species 

Japanese name 

1 

Dorosomatidae 

Clupanodon punctatus 

Konosiro 

2 

Dussumieriidae 

Etrumeus micropus 

Urumeiwasi 

3 


Spratelloides japonictu; 

Kibinago 

4 

Clupeidae 

Clupea pallasii 

Nisin 

5 


Sardinia melanoslicta 

Maiwasi 

6 


Harengula zunasi 

Sappa 

7 

Kngraulidae 

Engmulis japonicus 

Katakutiiwasi 

8 


Coilia mystus 

Etu 

9 

Salmonidae 

Oncorhynchus keta 

Sake 

10 


0. nerka 

Benimasu 

11 


0, mason 

Masu 

12 


Salvelinus leucomaenis pluvius 

Iwana 

13 

Plecoglossidae 

Plecoglossus altivelis 

Ayu 

14 

Osmeridae 

Hypomesus olidus 

Wakasagi 

15 

Salangidae 

Salangichthys microdon 

Sirauwo 

16 

Synodontidae 

Saurida undosquamis 

Maesa 

17 

Myctophidae 

Dasiscopelus spinostis 

Ibarahadaka 

18 

Cyprinodontidae 

Aplocheilus latipes 

Medaka 

19 

Siiuridae 

Parasilurus asotus 

Namazu 

20 


Plotosus angutllaris 

Gonzui 

21 

Cyprinidae 

Gnathopogon caerulescens 

Honmoroko 

22 


Sarcocheilichthys variegatus 

Higai 

23 


Tribolodon hakonensis 

Ugui 

24 


Carassius auratus 

Huna 

25 


Cyprinus carpio 

Koi 

26 

Cobitidae 

Misgurnus anguillicaudatus 

iJozyo 

27 


Cobitis biwae • 

Simadozyo 

28 

Anguillidae 

Anguilla japonica 

Unagi 

29 

Congridae 

Astroconger myriaster 

Maanago 

30 


Alleconger anagoides 

Hanaanago 

31 

Muraenesocidae 

Muraenesox cinereus 

Hamo 

32 

Nemichthyidae 

Nemichthys scolopaceus 

Turuunagi 

33 

Muraenidae 

Gymnothorax kidako 

Utubo 

34 

Fistulariidae 

Fistularia petimba 

Akayagara 

35 

Syngnathidae 

Syngnathns schlegeli 

Yoziuwo 
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36 


Hippocampus coronatus 

Tatuno'otosigo 

37 

Belonidae 

Athlennes anastomella 

Datu 

38 

Hemirhamphidae 

Hemirhamphus sajori 

Sayori 

39 

Exocoetidae 

Cypsilurus agoo 

'Fobiiiwo 

40 


C, japonicus 

Hamatobiuwo 

41 

Scombresocidae 

Cololabis saira 

Sanma 

42 

Trachypteridae 

Trachypierus iris 

IVngaihata 

43 

Sphyraenidae 

Sphyraena pinguis 

Akakamasu 

44 

Mugilidae 

Mugil cephalus 

Bora 

45 

Atherinidae 

Atherina bleakeri 

Togoroiwasi 

46 


A, tsurugae 

(lin’isoiwasi 

47 

Zeidae 

Zeus japonicus 

Matodai 

48 

Berycidae 

Beryx splendens 

Kinmedai 

49 

Monocentridae 

Monocentris japonicus 

Matukasauwo 

50 

Scombridae 

Scomber japonicus 

Saba 

51 

Katsuwonidae 

Katsuwonus vagans 

Katuwo 

52 

Thunnidae 

Thunuus orientalis 

Maguro 

53 


Parathunnus sibi 

Mebati 

54 


Neoihunnus macropterus 

Kihada 

55 

Cybiidae 

Sawara niphonia 

Sawara 

56 

Trichiuridae 

Trichiurus haumela 

Tatiuwo 

57 

Istiophoridae 

Makaira rnitsukurii 

Makaziki 

58 

Xiphiidae 

Xiphias gladius 

Mekaziki 

59 

Coryphaenidae 

Coryphaena hipjmrus 

Siira 

60 

Bramidae 

Brama raii 

Simagatuwo 

61 

Stromateidae 

Pse7io))sis anomala 

Ibodai 

62 

Pampidae 

Stromateoides argenteus 

Managatuwo 

63 

Carangidae 

Trachurus japonicus 

Maazi 

64 


Decapterus muroadsi 

Muroazi 

65 


Alvctis ciliaris 

Itohikiazi 

66 


Seriola quinqueradiata 

Buri 

67 


S. aureovHtata 

Iliramasa 

68 


S. purpurascens 

Kanpaii 

69 

Leiognathidae 

Jjeiognathus nuchalis 

Hiiragi 

70 

Trichodontidae 

Arctoscopus japonicus 

Hatahata 

71 

Oplegnathidae 

Oplegnathus fasciatus 

Isidai 

72 


0, punctatus 

Isigakidai 

73 

Mullidae 

Upeneus bensasi 

llimozi 

74 

Cepolidae 

Acanthocepola krusenstemi 

Akalati 

75 

Branchiostegidae 

Branchiostegus japonicus 

Akaamadai 

76 

Apogonidae 

Apogon lineatus 

Tenzikudai 

77 


A. semilineatus 

Nenbutudai 

78 

Scombropidae 

Scombrops boops 

Mutu 

79 

Serranidae 

Lateolabrax japonicus 

Susuki 

80 


Bryttosus katoamebari 

Oyanirami 
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81 


Stereolepis ischinagi 

Isinagi 

82 


Epinephelus septemfasdatus 

Mahata 

83 

Sciaenidae 

Nibea mitsukurii 

Nibe 

84. 


N. argentata 

Isimoti 

85 

Sillaginidae 

Sillago sihania 

Kisu 

86 

S. japonica 

Awogisu 

87 

Girellidae 

Girella punctata 

Medina 

88 

Sparidae 

Pagrosomus major 

Madai 

89 

Taius tumifrons 

Kidai 

90 


Spams swinhonis 

Kurodai 

91 

Pomadasyidae 

Hapalogenys mucronaius 

Setonai 

92 

Theraponidae 

Therapon oxyrhynchus 

Simaisaki 

93 

Aplodactyiidae 

Goniistius zonatus 

Takanohadai 

94 

Embiotocidae 

Ditrema temmincki 

Umitanago 

95 

Labridae 

Halichoeres poeciloptcrus 

Kyusen 

96 


Pseudolabrus japonicus 

Sasanohabera 

97 

Callyodontidae 

Leptoscarus japonicus 

Budai 

98 

Chaetodontidae 

Chaetodon modestus 

Genrokudai 

99 

Si| 2 ;anidae 

Sigantt^s fuscescens 

Aigo 

100 

Triacanthidae 

Triacanthus brevirostris 

Gima 

101 

Balistidae 

Canthidermis rotundatm 

Amimongara 

102 

Monacantliidae 

Monacanthus cirrhifer 

Kawahagi 

103 

Ostraciidae 

Aracana aculeata 

Itomakihugu 

104 

Tetraodontidae 

Sphaeroides rubripes 

Torahugu 

105 


S, vermicularis 

Syosaihugu 

106 

Molidae 

Mola mola , 

Manbo 

107 

Scorpaenidae 

Sebastodes inermis 

Mebaru 

108 


S. flammeus 

Sankrmenuke 

109 


S, matsubarae 

Ako 

no 


S. iracundus 

Osaga 

111 


S. baramenuke 

Baramenuke 

112 


Sebastiscus marmoratus 

Kasago 

113 


Inimicus japonicus 

Oniokoze 

114 

Hexagrammidae 

Hexagrammos otakii 

Ainame 

115 


Agrammus agrammus 

Kuzime 

116 

Cottidae 

Pseudoblennius percoides 

Anahaze 

H7 


P. coitoides 

Asahianahaze 

118 


P. marmoratus 

Ayaanahaze 

119 

Platycephalidae 

Platycephalus indicus 

Koti 

120 


Inegocia japonica 

Tokagegoti 

121 

Agonidae 

Podothecus acipenserinus 

— 

122 

Triglidae 

Lepidotrigla microptera 

Kanagasira 

123 

Gobiidae 

Pterogobius elapoides 

Kinubari 

124 


Chasmicthys dolichognathus galosus 

Dorome 

125 


C, d. dolichognathus 

Agohaze 
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126 


Periophthalmus cantonensis 

Mutugorn 

127 


Boleophthalmus pectin irostris 

Tobihaze 

128 


Trypauchen vagina microccphalm 

Akauwo 

129 

Echeneidae 

Echeneis brachyptera 

Kurokoban 

130 

Uranoscopidae 

Uranoscopus japonicus 

Misimaoko'/.e 

131 

Ammodytidae 

Ammodytes personatus 

Ikanago 

132 

Blenniidae 

Salarias enosimae 

Kaeruwo 

133 


Enedrias nebulosus 

Ginpo 

134 


Dinogunellus grigorjewi 

Nagazuka 

135 

Ophidiidae 

Otophidium asiro 

Asiro 

136 

Pleuronectidae 

Paralichthys olivaceus 

Hirame 

137 


Atheresthes evermanni 

Aburagarei 

138 


Hippoglossoides elassodon 

Umagarei 

139 


Lejndopsetta mochigarei 

Ascd>agarei 

140 


Limanda yokohamae 

Makogarei 

141 


Kareius bicoloratus 

Isigarei 

142 

Cynoglossidae 

Rhinoplagusia japonica 

Kuroiisinosita 

143 


Areliscus joynm 

Akasitabirame 

144 

Gadidae 

Gadus rnacrocephalus 

Tara 

145 


Theragra chalcogramma 

Suketodara 

146 


Eleginns navaga 

Komai 

147 


Lotella phycis 

Isoainame 

118 

Lophiidae 

Lophins litulon 

Kianko 

149 

Antcnnariidae 

Pterophryne histrio 

Hanaokoze 

150 


Antennarius tridens 

Izariuwo 

Method 




I. Method of Jixamininfir: the Digestive System. 

As it is essential to know the normal form of the digestive’ system, 1 
examined 3 to 10 of each species which could be easily collected, but for the 
rare species, there were times when 1 could examine only 1 sample. 

1 took my material while they were alive, or fresh, and put them in ca. 
10formalin or ca. 70% alcohol, or, fixed them with other chemicals for 
observation. Then, I examined them macroscopically in the order of the 
mouth, jaws, lips, teeth on vomer and palatines, tongue, pharyngeal teeth, gill- 
rakers, pharynx, oesophagus, stomach, intestine, rectum, pyloric appendages, 
liver, gall-bladder, pancreas, etc. and paid special attention to the form and 
construction of the digestive tracts. 

1) Jaw teeth. 

The villi-form teeth, which are the common kind, may he examined either 
as they are or fixed with chemicals, but for special kinds of teeth, such as 
the anchylosed strong teeth, it is better to observe them after boiling the 
jaws and removing the muscle and skin, and taking out the maxillary, pre¬ 
maxillary and the mandible. It is advisable to clean them with a hard tooth¬ 
brush. 
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Fig. 1. Method of observing anchylosed and 
hinged jaw-teeth A IJppei jaw oi Sromhntp^ 
boops. ii. IVeinaxiIlaiv was taken out i;y boil¬ 
ing the abo\e. Note how w«‘ll the anrhvloserl 
jaw-teeth may be observed. (\ Hing€*d jaw- 
teeth of Gadus macrocephnlus 



For hinged teeth, first, while 
they are fresh, it is better to observe 
carefully the dirtH!lion in which they 
move, then boil and observe their 
attachment. 

2) Teeth on vomer, palatines and 
pharyngeal bones. 

Excluding the special kinds, 
1 examined them fixed with chemical 
.solutions, brushing them thoroughly 
as in the case of the jaw teeth. 

3) Gill-rakers. 

While they were fresh I took 
out the gill-rakers together with 
the gill-arches, as illustrated, and 
washed them. 'Fhere was hardly 
any discernible difference in their 
appearance as when they were 
fresh and after they had been fixed 
with a chemical solution. When 
fhe processes on th(‘ gill-rakers 
were exceptionally minute, it was 
necessary to make a microscopical 
observation. 

1) Digestive organs. 

As the digestive tract and the 
liver are subject to easy self¬ 
decomposition. one must either 
make as quick an examination 
as possible after collecting the 
fishes, or fix them with a solution. 
It would be advisable to fix those 
with thick peritoneal muscles 
after dissecting a part of the 
peritoneal wall, or by injecting 
the solution with a pipette from 
the anus. 

In making a morphological 
study of the digestive organs, as 


it is absolutely essential to keep 
intact their natural positions (an item which I most emphatically insist on ad¬ 
vocating in my present study), one must refrain from taking out the internal 
organs before they are fixed. In doing this, formalin is better than alcohol, 
and fixing for about 3 days in the former is advisable. When it is left 
too long in the solution, the blood changes colour, and it not only makes 
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observation of the blood vessel difficult but also the liver oil becomes ex¬ 
tracted, thus, exposing the entire observation to inadequacy and incompleteness. 

After the fishes have been properly fixed, dissect the peritoneal walls and 
expose the internal organs. Then, inserting a knife at the beginning of the 
oesphagus and the end of the rectum (if the anus can be included, all the better), 
cut and take out very carefully for 
observation. rFhe liver breaks very 
easily). 

In observing the digestive organs 
of small fishes, such as those that be¬ 
long to the family Cyprinodontidae, 
the usual method hitherto employed 
was to make a number of cross sec¬ 
tions and use the reconstruction i 

method, but I followed the following 

method : first, as shown in the ill us- of small such as Aplochetlus latipes. 

tration, I cut off the head with a 

sharp knife, then by placing the triangular piece 



which 1 had cut off by running the knife along the 
upper [)ari of the peritoneal cavity within the field 
of a binocular dissecting miscroscope, by taking out 
the internal organs with 2 needles, 1 succeeded in 
making a microscopical observation. As one becomes 
experienced in this metliod, it is not only easily done 
but a more accurate observation may be obtained. 

1 made sketches in the larger digestive organs 
by using a jiroportional compass and in the smaller 
ones with a camera lucida. 

There are certain species of fish which it is 
difficult to distinguish the stomach. For instance, in 
the case of the order Plectognathi. However, if 
one observes the folds of mucous membranes of the 
digestive tracts of these fishe.s, one will be able to 
distinguish the stomach from the intestine. But if it 
is still not possible to distinguish them by this method, 
put them under histological observation and ascertain 



microscopically whether or not there are any gastric 
glands. 

After laying the intestine, as best I could, in its 
natural form without stretching it, I observed its type 
of winding; then, as illustrated, measured its length. 
It is essential to select fishes which have little or no 



contents in their stomach, or fishes in aquarium which 
were made to fast, because the folds of mucous 
membrane of the stomach and intestine in which 


Fig. i. Method of measur¬ 
ing length of intestine* 
a-f-b-l-c + d-l- - -hp“ 
total length of intestine. 
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there is food, as may be seen from the illustration, lose their natural form. 
I took every precaution to follow this procedure. The digestive tract thus 
extracted was dissected and washed. After brushing away the food remnant 
between the papillae, the folds of the mucous membrane were ready for 



A ^ B 

Kig. 5. Method of ohservinu; folds of mucous membrane 
of stomach. A. Good specimen. B. Poor specimen. 


observation. For narrow inte.stines like those of sardines, it is better to fix 
them with a chemical solution first; then dissect a piece of the intestine and 
cut open properly; spread this piece on top of a cork; lay a thin piece of 
cotton and a square piece of paraffin paper on it, and pin down the 4 
. ^ corners. Then put this cork upside down in a 

,.. “ i vl vessel filled with fresh water for one night. The 

intestine will he well prepared for observation 
and photographtaking the next day. 

II. Method of Examining the Feeding Habits. 

Definite opinions may be formed only after 
making a thorough investigation of the feeding 
habits of numerous fi.shcs collected in different 
places at various times. It is therefore well nigh 
impossible for anyone to complete the investiga¬ 
tion of the feeding habits of 150 species during 
one's lifetime. But fortunately for me, there 
were countless number of reports on this subject, 
especially important fishes, written by former 
investigators with which to compare and com¬ 
pound my own studies in an endeavour to form 
Fig. 6. Method of Jay-opening an accurate and definite opinion of my own. 
narrow intestine. In most cases, the Contents taken from the 

stomachs were broken in pieces; however, there 
were not few instances in which they kept their original form so well that it 
was possible to identify their species, but in the majority of cases, I had to 
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trouble the specialists concerned in making their identifications. 

Historical Review 

Before going into the main part of the present study, I wish to give an 
outline of the history of works made by various scholars of different nations 
regarding the digestive system of fishes and their food and feeding habits. I 
have devoted the pa'«'t 10 years to the collection of literature^. However, I 
am sure that the reader will readily realise that the number of literatures any 
one individual is able to read during any given lime is limited, and due to the 
difficulty of obtaining the foreign li(cralur(*s in our country, C'-pecially those 
of small countries and ancient times, I shall have to content myself with what 
is within my power to reach. As a matter of fact, when 1 have not been 
able to read the originals, 1 have been forced to be sati.^fied with the re¬ 
produced articles or abstracts of those originals which have been written in 
the reports of others. 

Digestive System 

General Treatise 

A study on the structure of the digestive system of fi'^hes had alreridy 
been made no h ss than 2250 years ago by Aristotle {3(S 1-222 13. C.). In his 
notable book entitled “ Hi.storia animalium there are seen the results of his 
research about the various organs of mankind as wiAl as of various fishes. 
As for the digestive system of fishes, to my astonishment, a brief hut surpri¬ 
singly accur’ate oh.servation about the teeth, the tongue, the stomach, the in¬ 
testine, the liver and even the gall-bladder was made by him. 

About 500 years after this, Galenus (130-200) who is called the father 
of anatomy, dissected and studied the lower vertebrates, and about 1000 years 
thereafter Leonardo da Vinci (1152-1519) not only made anatomy of human 
beings but various other animals. However, it is not certain whether these 
men went so far as to study the digestive system of fishes. 

According to Cuvier and others, the first man who undertook the systematic 
study of comparative anatomy was Severinus, an Italian anatomist. It is said 
that in his “ Zootomia democritae ” (1615) he used a magnifying lens and 
observed the internal organs of herring, sardine and dog-fish. Leewenhoek 
(1687), who is known as the inventor of microscope, also contributed materially 
to the anatomy of fishes in connection with his study of various animals, but 
it is uncertain whether he made the anatomical study of the digestive system 
or not. 

I am of the opinion that the first contribution that was ever made to¬ 
ward the study of only the digestive system of fishes is “A general idea of 
the structure of the internal parts of fish” by Preston (1697), and fortunately 
I have had the opportunity of reading through this pajier. In this he dealt 
with the structure of the stomach of fish, the winding of its inte^-tine, the 
liver, the gall-bladder, the bile duct, the pancreas (he erroneously referred to 
the pyloric appendages as the pancreas). 
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For about 80 years afterwarrls a few reports were written on the digestive 
system of fishes, but Cuvier (1773-1838) who paved the way for modern 
comparative anatomy, in truth was the first person studied in general the 
digestive system of fishes from a purely anatomical standpoint. In his well 
known books: “ Le^rons d’anatomie comparee ” (consisting of 8 volumes — 

1799-1805. Volume IV is devoted to the study of the teeth, the livers and 
pancreases of fishes, and Vol. V to their digestive tracts); “ Vorlesungen fiber 
vergleichende anatomic’' (in I volumes; 1809-1810. Vol. Ill contains a 
certain amount of information on fishes; this was translated by Meckel) ; 
‘‘Le rcgne animal *’ (in 4 volumes; 1817. An anatomical study of fishes is 
given in Vol. Ill) ; and “ Histoire naturelle dcs poissons ” (co-author, Valen¬ 
ciennes. 22 volumes; 1828-1849. Vol. I takes Perea for the material and 
describes the sti ucture of its internal organs), he gave an anatomical study of 
all the organs of digestive system of fishes, comparing them with those in 
various other vertebrates. These writings are not only important for their 
historical significance but also from their scientific standpoint. 

Next we have Rudolphi of Germany and Home of England, both of whom 
published the distinguished works on comparative anatomy. I'he former, in 
Vol. II and III (1802), and the latter, in Vol. I and II (1814), wrote on the 
general structure of the digestive system of fishes. From 1821 to 1833, 
Meckel of Germany, wrote a book consisting of 6 volumes on the same sub¬ 
ject, in the IV and VI volumes of which, he gave :*n acount of the digestive 
organs and the gills of fishes. 

Not long afterw'ard, Carus of Germany published his popular works in 
2 volumes in 1834, (which was translated into French by Jourdan in 1835), 
Stannius, his characteristic writing, and Owen, an Englishman, a book on the 
comparative anatomy of vertebrates. The List published 3 volumes from 1866 
to 1868, in Vol. 1, Chapter 5, of which he gave an original study of the 
teeth, the digestive tract, the liver, the pyloric appendages of fi.^hes. Then 
Huxley (1871) published a book on the anatomy of vertebrates, observing 
their digestive system in a singular way. Next we have Book I (anatomy of 
vertebrale.s, including fishes) of Nuhn (1875), a German anatomist. His study 
is characteristic in ro.spect of describing not only the structure of organs but 
also their functions. A German anatomist, Vogt and his assistant, Yung wrote 
a text-book of comparative anatomy in German and French; in this they ex¬ 
plained the structure of each organ of the digestive system, taking Perea 
ftuviatilis for the material of study. This book consists in 2 volumes, and was 
published from 1880 to 1891. Also, about the same time, Wiedersheim wrote 
2 separate books on the comparative anatomy of vertebrates. One of them, 
published in 1884, was purely a treatise on comparative anatomy, while the 
other, published in 1886, took up and treated the subject from an embryolo- 
gical standpoint. As Wiedersheim was well versed on the subject of fishes, 
his work on the comparative anatomy of the digestive system of fishes was 
excellent and fully original. 

The foregoing studies and researches were principally macroscopic. How- 
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ever, Oppel, a German anatomist, who specially concentrated his efforts to the 
histological study of the digestive system of vertebrates, treated all the organs 
of vertebrates microscopically, and gathered his works and others in a famous 
book entitled “ Lehrbuch der vergleichenden mikroskopischen Anatomic der 
Wirbcltiere” (F^t. I published in 1896; Pt. II in 1897; Pt. Ill in 1900), and 
thus he completed the so-called comparative microscopic anatomy. Details in 
connection wilh the histology of the digestive system of fishes was stated in 
each chapter. 

In the latter part of th(' 19th century and the beginning of the 2()th, 
there was a t<mdency for medical scientists, especially German anatomists, in 
studying the comparative anatomy, to take fishes for their materials, as the 
result of which, the study of the digestive system of fishes made a great pro¬ 
gress. About this time, Gegenhaur wrote a l)ook entitled “ Vergleichende 
Anatomic der Wirbelthierewhich even in the prestMit lime is considered one 
of the mo^t important books of reference in this line of study (published in 
1898 Vol. 1, and in 1901 Vol. II). This is an ingeniously combined piece of 
work of the studi(»s hitherto made and those of the author himself, and he 
gives an extensive and comprehensive account of the digestive system of fishes 
chicllv in Vol. II. 

Some original w<»rk since the days of Gegenliaur. with regard to the 
digestive system in general of fishes can be seen in the text-book of Haller, 
a (German anatomist. As Ilalle** w^as well informed in this line of study and 
in a position to discuss the vivisection of fishes, in a book published in 1904, 
ho viewed, in an independent way, the relationship between the form and 
function of the teeth, the tongue, the stomach, the intestine, the pyloric 
appendages, and the mucous membrane of the digestive tract. Following this, 
Schinkewitsch, a Russian (1910), and Biitschli, a German (1912), published 
sonre books dealing with the comparative anatomy, but there are no original 
ideas and suggestions w^orthy of note concerning the digestive system of fishes. 

And thus w'e came to our contemporaries. “ Handbuch der vergleichenden 
Anatomic der Wirbeltiere ” in 6 Volumes, published by Urban and Schwarzen- 
berg in Berlin (1931-1988), wrote by the world’s greatest scholars of com¬ 
parative anatomy, was consequently authoritative and progressive insofar as 
the study of comparative anatomy was concerned. As may be contended from 
a book of this kind, the studies relating to each part of the digestive system 
of fishes are complete in every detail. 

Boker, in his recent edition “ Vergleichende biologischc Anatomic ”, in 
Vol. 11 (1937), in the chapter “ Biologische Anatomic der Ernahrung he 
expressed his original views on the connection the digestive system of fishes 
has with its feeding habits. In addition to the books mentioned above 
specializing on fishes, Giinther (1880), Jordan (1907), Haempel (1912), Bridge 
(1922), and Kyle (1926), discussed in general the digestive system of fishes 
in an individual way, but there is very little originality in their statements. 

Fish in Japan from time immemorial has been studied from 2 stand¬ 
points, namely, for catering purposes and for something to gaze and admire. 
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In this connection, there are a few books giving quite a bit of detailed infor¬ 
mation as to the names and form thereof. But, up to the year 1890, no 
books had been written concerning to the anatomy of fishes, and, as for books 
on comparative anatomy, the one which was recently published by Nishi (1929) 
is the fiirst and unique in Japan. However, the book of Kawamoto “Gyorui 
no seiri'’ published quite recently (1935), in view of the fact that it took for 
its subject matter the anatomical physiology of* fishes, furnished some ex¬ 
cellent notes on their digestive system which, along with the personal researches 
of the author, contributed not little to this branch of study. 

Now the first person in Japan who studied the digestive system of fishes, 
nay, the internal parts, was Namie (1895). He made anatomy of Plecoglossus 
altivelis caught in the Tama river and made clear the form and the situation 
of its teeth, the tongue, the stomach, the intestine, the pyloric appendages, 
and the liver. Then, the original works of the anatomy of general digestive 
system of fishes were made in succession by Goto with Cyniafi manazOy Raja 
kenojei and Carassius auratus (1900), by Kishinouye with Clupen mclanosticta 
(1907), by T. Fujita with Pagrosomus major and Cyprinus carpio (1912), and 
by Hikita with the flat-fishes (Pleuro'nectidae) (1931). 

And 1 have made a thorough study of the digestive system of Gndus 
macrocephalus (1934), Thnagra chalcogramma (1934), Lepidopsetta mochigarei 
(193t), Hippoglossoides elassodon (1934), Monacanthus cirrhifer (1934), 7W- 
borodon hakonensis (1934), Cypsilurus agon (19-15), Oplegnathus fasciatus (19 5), 
Plecoglossus altivelis (1935), Chasmichthys gtdosus (1935), and Goniistius 
zonatus (1936), keeping the structure of their digestive tracts foremost in mind 
and studying, at the same time, their feeding habits, on the results of which 
I hove already reported. H(»wever, I have not yol written any report on the 
experiments I have made on the digestive systems of about 150 kinds of fish¬ 
es. And it is now my endeavour to syntheske those works and present them 
to the reader in this treatise. 

1 have above given the history of the comparative anatomy regarding 
the general digestive system of fishes compared with those of other animals 
and now I will give the historical outline of the studies made upon each 
special organ of the digestive system in fishes. 

Mo uth and mouth part 

The form of the fish mouth being used for the description in the classi¬ 
fication, and so, from old times many systematicians have i)aid their attentions 
to it, but not many anatomists have t^ken up the form of mouth of fishes 
for the main object of their studies. 

To begin with, Nuhn (1875) dealt in his book which I have already 
stated with the comparative anatomy regarding the mouths of Lahrus, Gadus, 
Box, and Syngnafhus, while Humphry (1865) and Bardeleben (1907), when 
studied the jaws of various vertebrates, made study on the jaws of fishes. 
Jourdain (1878), Garman (1913) and Radcliffe (1916) specialized in this study 
too, but their studies were confined to sharks and rays, and did not deal with 
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teleosts. ' 

As regards the common jaws of teleosts, aside from the fact that syste- 
maticians have dealt with them when they were classifying fishes, no one has 
ever made a special study of their form. On the contrary, perhaps it is be¬ 
cause that the projecting jaws attract more attention, there are reports, written 
as far back as in the 17th century, on the upper projecting jaws of the sword 
fish and its kind (and also its function such as to pierce whales and fishing- 
boats). Since Josselyn (1674) published his work, reports have been written 
on the similar article by Koelpin (1770, 1771), Thompson (1844), Gray (1871), 
Wilcox (1887), Maclaren (1909), Boulenger (1931), H. Nakamura (1938). And 
Uchida (1930) wrote a article on the lower projecting jaw of Hyporhamphus 
sajori. 

The cylindrical or tube-like jaws of Syngnathus and Hippocampus were 
first studied by Gill (1905) and later by Rauther (1925). Uchida studied the 
life history of Hyporhamphus sajori, and ascertained that its long lower jaw 
was not only useless when taking its food but was rather a hindrance. When 
Gill made an extensive study on the life history of Hippocampus, he observed 
the structure of its jaw, and noticed that it used its jaw like a pipette and 
caught the minute creatures in the water. In addition, Rauther found that 
both Syngnathus and Hippocampus resemble ecich other not only in the 
structure of their jaws but in their characteristic feeding habits. With regard 
to the various phases of the cylindrical jaws, Boker (1937) described those in 
the chapter, viz. “ Das Ergreifen der Nahrung ” of his book. 

The majority of fishes possess the “ protrusile mouth and it has much 
connection to the feeding habits. Regarding this, Freund (1909) studied with 
Cyprinus corpio, Hesse and Doflein (1910) with Abramis brama, Petersen (1914) 
with Gadus morrhua, but the first person who made a comparative study of 
this was Thilo (1920). He accomplished some very splendid and original 
work regarding the construction of jaws, and their function which constituted 
a protrusile mouth. This research was done chiefly with such fishes as Clupea, 
Salmo, Coregonus, Cobitis, Gasterosteus, Zf^us, Triacanthus, Tetrodon, and 
various others. Then we have Delsman (1925) and Dobben (1935) who pub¬ 
lished their studies which were practically along the same lines as those above. 
Other than the more popular articles on the connection between the form of 
the jaws and the feeding habits of fishes, literature is not available, but I 
would like to mention that Beebe and Tee-van (1933) gave an account of the 
intimate relation between the form of the mouth and the feeding habits of the 
fishes caught in the waters of Bermuda. Their writing may have a tendency 
to popularity, still they may well be regarded as original works. 

As there are many fishes that possess barbels, one would think that this 
had attracted the attention of scientists from olden times, but it is surprising 
to note the scarceness of literature dealing with this subject. Moreover, it 
was only towards the end of the 19th century that Jobert (1871, 1872, 1873) 
published his works concerning this. And it is thought that he was one of 
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the first to make a systematic study of the barbels of fishes. He was also 
interested in the palps of insects and contributed materially to the study at 
large of the barbels of fishes from an anatomical stand-p5int. About the same 
time Zincone (1876) made a study of the tactile organs of the Italian MuUus, 
Motella, Blennius, and Trigla, As the barbel of the catfish is most familiar 
among the barbels of fishes, it has naturally been more popular as an object 
of study, and such persons as Wright (1884), Herrick (1901, 1903), and Olmsted 
(1918), etc. were the ones to engage themselves in this study. Further, Atoda, 
(1935) made some very interesting study as regards the development of the 
maxillary and mental barbels of the larval fish of the Japanese catfish, viz. 
Parasilurus asotus. As for tlie form and function of barbels, insofar as the 
food,is concerned, when Bateson (1890) studied the form of the eyes, olfactory 
and sense organs and their functions of various fishes, he made a thorough 
study of them; while Steven (1930) taking the 3 varieties of the Triglidae 
for his material, made experimental studies of the function of barbel. Recent¬ 
ly, some very significant work has been accomplished by Sato (1936, 1937) re¬ 
garding the morphology and histology of barbels of various Japanese fishes, 
such as Paramyscine aiamiy Pristiophorus japonicus^ Cyprinus carpio^ Polymixia 
japonica, Byotula multibarbata, Misgumus anguillicaudatus^ Physiculus japo- 
nicus, Coelorhynchus japonicus, Apistus evolans^ Upenoides bensasi and Ploiosm 
anguillaris. He was successful in classifying the barbels into 2 groups, one 
that has a cutaneous taste-bud on the surface of the epidermis layer and one 
without it. 

The study on the muscles in the mouth part of fishes is import ant for 
determining the mode of their feeding habits. As for this, Cuvier wrote the 
results of his study in his book “ Histoire naturelle des poissons ” (1828). In 
Vol. I, page 404 of this book, there is an article on the muscles of the mouth 
of Perea. The next important writing after the publication of Cuvier’s book 
is the study made by Vetter (1878). He made a study of the adductor man- 
dibulae of the fishes, viz. Esox euds^ Perea fiuviatilis, Cyprinus carpio, Barbus 
vulgaris. This is the first comparative study ever made of the muscles of the 
mouth, and in after-years, his work was cited by many scholars. In 1911, 
Edgeworth studied on the cranial muscles of various vertebrates; and in his 
study, he took it upon himself to study the muscles of the mouths of Amia^ 
Salmo, TruttOy LepidosteuSy Acipensery etc,. Then Holmquist (1911) took Gadus 
callariasy Greene (1913) took the king salmon, and Dietz (1914) took Acanth- 
opterygii for their materials and made the similar studies. In Japan, Taka- 
hashi (1925) studied the cranial muscles of 3 different groups of fishes, namely, 
the ("yprinoids, the Cobitoids and the Siluroids, and discussed the homology 
of their cranial muscles. 

Jaw Te eth 

In view of the fact that the jaw teeth play an important part in the 
classification of fishes, it has been studied by both systematicians and anato¬ 
mists, but the minute studies have been made, in general, by anotomists, so 
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I wish to introduce here mainly the contributions of the latter. 

The first complete report on this subject from a historical point of view 
can be found in Cuvier's “ Lecons d'anatomie comparoe ”, Vol. IV, Book I 
(1835). However, it is unanimously agreed by specialists that the first and 
fundamental work on the teeth of fishes was done by Owen (1840-^184.5). In 
Vol. I, Chapter 5, “ Teeth of Clenoid fishes ”, of his book, he gave a detailed 
description of the rounded molars of Pagrus; the conical teeth of Sciaena; 
the carding teeth of Gobius: the seiiform teeth of Chaetodon; the minute 
teeth of Mugil and Clupea; the small teeth of Atherina ; the strong teeth of 
Pelarnys; the movable teeth of Lophius; and the sharp teeth of Trichiurus 
(not only the jaw teeth but also the pharyngeal teeth), etc. Then there is 
Hcincke (1873) who studied the development of the teeth of lower vertebrates, 
as also those of fishes; Boas (1878) who discovered the succession of the 
teeth of Scaroid fishes; Baume (1882) and Rose (1892, 1896) who concentrat¬ 
ed their efforts to the comparative dental anatomy of vertebrates, including 
fishes, and Ridewood (1896) who devoted himself solely to the study of the 
teeth of fishes. In the 20th century. Terra (1911) who made a comparative 
and systematic study of the teeth of human beings and those of vertebrates, 
studied those of fishes. The comparative studies which deal exclusively with 
the histology of teeth of fishes were made by Rose (1897) and othcTS, and 
the excellent w^ork which concerns specially the development of the teeth of 
teleosts was done by Friedmann (1897). 

Thus, Tomes compiled the 5 reports he had written from 1875 to 1900 
and published his famous “A manual of dental anatomy, human and com¬ 
parative He not only classified in a very logical and orderly way the forms 
of teeth of various fishes and other animals but wrote in detail on their at¬ 
tachment, histological construction (enamel structure), development, succession, 
and functions. A little later, Thompson and Dewey (1915) studied the con¬ 
struction of the teeth of vertebrates and invertebrates in general (chiefly re¬ 
garding their attachment and succession), using X-ray. They took many photo¬ 
graphs of the teeth and made a complete and detailed report. Recently, 
Boker (1937) studied the teeth of various fishes from a standpoint of biological 
anatomy, and observed that the form of the teeth and their feeding habits 
had a very close connection to one another, and Peyer (1937\ combining his 
previous works and the works of others, wrote a paper entitled “ Zahne und 
Gebiss ” regarding the teeth of vertebrates in general, which is considered the 
most authoritative literature ever written insofar as the modern comparative 
dental anatomy is concerned, and in which he gave a great deal of original 
studies on the teeth of fishes. In addition to the above-mentioned contribu¬ 
tions, a fairly complete description of the conclusive studies of the teeth of 
fishes is seen in the books of comparative anatomy, especially in those of 
Stannius (1848), Owen (1866), Wiedersheim (1881), Gegenbaur (1901), Haller 
(1904) or in the text-book of fishes by Gunther (1880). 

Although the comparative studies made on the teeth of fishes are as I 
have stated previously, a great deal of effort has been paid in the study of 
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the jaw teeth of a certain group or one species of fishes, especially, for ex¬ 
ample, the sharp teeth or the peculiar teeth; this I believe is due to the fact 
that such teeth insure our attention. As for such teeth of the wolf-fish, Andre 
(1784) studied them with Amrrhichas lupus (as also Chaetodon nigricans), 
and said that its anterior sharp teeth was principally used in seizing its prey 
while the posterior grinding teeth served to break down or crack open the 
hard shells of lobsters, crabs, etc. Crisp (1853) also stated of this fish that 
its teeth was used to break or crush the hard food. Gill (1911) who studied 
the habits of various fishes belonging to the family Anarrhichadidae? dealt 
with the teeth of those fishes from the standpoints of the ichthylogical classi¬ 
fication and the feeding habits. 

The study of the characteristic teeth of Salmonidae was undertaken by 
Knox (1855) ; the teeth of Echeneis by Murrery (1899); and those of Ortha- 
goriscus were studied by Hilgendorf (1893) ; while Schmidt (1913) studied the 
arrangement, the size, the number, the form and the function thereof of 
Cycloptems lumpus, as also their histology and development. The recent report 
of Tretjakoff (1926) on the histological and embryological study of the teeth 
of Plectognathi is a prominent contribution towards this branch of study. 

There is hardly any literature dealing with this line of study in our 
country, especially in ancient times. But if we look hard enough, we can 
find reference to the serrated teeth of Japanese cutlass-fish in “ Yamato honzo ” 
of Kaibara (1715). Besides which there is an article written by Namie (1891) 
as to the characteristic construction of the teeth of Plecoglossus altivelis and 
the connection between the development of teeth and the feeding habits. 
Kishinouye (1901) gave us an original and fairly detailed report regarding the 
form and arrangement of the canine-like and molar teeth in the jaws of 
Pagrus major, Pagrus tumifrons, and Pagrus cardinalis. And M. Fujita (1924) 
made a brief report on the form and arrangement of the jaw teeth of various 
Japanese fij>hes. As regards the form and number of the jaw teeth of Japanese 
flat-fishes caught in northern Japanese waters, Hikila (1934) gave us a complete 
and detailed report. The above-mentioned studies in our country, however, 
are limited only to the external observation of the teeth, and do not touch on 
the special studies of the teeth of fishes. The only exclusive study that w^as 
ever made of the teeth of fishes is the recent report submitted by Hiyama 
(1931), and I believe that this was the first of its kind to accomplish anything 
in our country. He studied particularly the form, the arrangement, the his¬ 
tology, the development, the growth and the functions of the soldered jaw 
teeth of Oplegnathus fasciatus. 

Tongue 

As the fish is the lowest kind of animal that possesses a tongue, in mak¬ 
ing a study of it, the first two points that become an object of discussion 
among the scholars is whether or not it has a muscle to control it like the 
other vertebrates, or whether it has the power to distinguish various tastes. 
In view of this point at issue, the studies heretofore made have primarily 
dealt with these two questions. 
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Cuvier wrote in Vol. IV of his Le^jons d’anatoinie comparee ” that 
Anguilla, Conger and the other fishes which belong to Apodes have a muscle 
on both sides of the tongue called the M. hyoglossus, which starts from the 
hyoid. But Ludwig (1854) later pointed out and incorrectness of this state¬ 
ment. It was also pointed out by Rathke (1830), Stannius (1816), Wiedersheim 
(1884), Gegenbaur (1894) and Haller (1904) that the tongue of fish consisted 
of the hyoid, i. e. the glossohyal and the mucous membrane which wrapped 
the glossohyal, and that no muscle existed. However, it was recently brought 
to light by Marcus (1934) that the tongue of Polypterus has what was known 
as the smooth muscle, which is a great step forw^ard toward this line of study. 

Since Oppel (1900) discovered that fishes had taste buds, this was re¬ 
examined by many anatomists. It was demonstrated by Herrick (1904) 
that the taste buds controlled their gustation not only morphologically but 
also neurologically. He found that they were governed by cranial nerves X 
and XII, and presumed the existence of their sense of taste. F'urthermore, 
it is worthy of note that Aristotle described that some fishes had teeth which 
giw on the tongue. Very recently, Matsui (1936) studied morphologically 
and histologically the tongue of Plecoglossus altivelis, and made several dis¬ 
coveries in this direction. 

Pharyngeal Teeth 

The fact that the majority of fishes possess the teeth on the upper and 
lower pharyngeal bone, and those are the important masticatory organ, was 
made clear in the early part of the 19th century, by Jurin (1821) who studied 
the teeth of the Cyprinoid fishes. The study of the pharyngeal teeth of fishes 
was made in succession by Owen (1840-1845), Boas (1878), Ridewood (1896), 
and Tomes (1914) who was the greatest scholars on the study of the teeth of 
fishes, and made a remarkable progress in the line of study. Ridewood (1896) 
said that the development of the pharyngeal teeth and the jaw teeth were 
inversely proportional to one another; while Sagemehl (1885) took Scaridae 
as the material for study and said that the pharyngeal teeth were not only a 
masticatory organ but also an organ to ruminate food. 

As a matter of fact, the development of the pharyngeal teeth is most 
apparent in Cyprinoid fishes, and because of the fact that their form and 
number have an important bearing in their classification, many scholars 
have engaged themselves in the study of the pharyngeal teeth of the fishes; 
namely, leaving alone Jurine (1821) whom I have already mentioned, Molin 
(1850), Hoppe (1894), Pack (1899), Gracianov (1900), Cerkasov (1903), 
Leonhardt (1903), Haempel (1907), Shepherd (1910-1914), Stoss (1921), Linden 
(1929); while very recently Chu (1935) completed his studies on the pharyngeal 
teeth of nearly all the fishes which belong to the Chinese Cyprinoid fishes, 
such as Leuciscinae, Chondrostomatinae, Abramidinae, Acheilognathinae, Hypo- 
phthalmichthyinae, Gobioninae, Cyprininae, and Schizothoracinae. Other than 
the pharyngeal teeth of Cyprinidae, those of Labridae were studied by Wright 
(1870) and Prince (1892), and those of Geridae by Sauvage (1876); while 
Schmidt (1913) studied those of Cyclopterinae. 
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As for the muscles that govern the pharyngeal teeth, Haempel (1908) 
made a study of those with the Cyprinoid fishes, and observed the M. pharyngo- 
arcualis, M. pharyngo-clavicularis externus, M. pharyngo-clavicularis internus, 
M. pharyngo-transversus, and the M. sterno-hyoideus, which were confirmed 
by Vetter (1874, 1878). 

There is no one in our country who has made a special study of the 
pharyngeal teeth — only Hikita (1934), whom I have mentioned previously, 
gave a fairly detailed description of the pharyngeal teeth of the flatfishes of 
northern Japan in his report. 

Giil-rakers 

I believe that the first person who devoted himself to the study of the 
gill-rakers of fishes was Troschel (1849). He divided the gill-rakers into 2 
parts, viz. the upper and lower part, from where the gill-arch curved, and 
studied their number, their thickness and their length. Susta (1888) who was 
known for the study of carp culture, Walter (1903), and Steuer (1905) asserted 
that the thickness of gill-rakers determined the form and size of the food 
which they would catch, while Schiemenz (1905) taking for example the carp, 
etc., pointed out that fishes took various sorts of food according to the season 
and their needs, irrespective of the thickness of gill-rakers. 

Zander (1903, 1906) was the most prominent among others who studied 
the gill-rakers. He observed in detail the form of the gilkrakers of 
Clupeidae, Salmonidae, and Cyprinidae and many other teleosts (even 
those of deep-sea fishes), and divided them into 2 main classes, that 
is, the perfectly developed gill-rakers and the degenerated ones. He 
went further to classify the perfect ones into 3 groups in accordance 
with their degree of development, and declared that the development of gill- 
rakers had close connection with the kind of food which they ate. Then, 
Rauther (1911) pointed out that the fishes which had the degenerated gill- 
rakers belonged to the families of Acipenseridae, Cyprinidae, Loricaridae and 
Syngnathidae. 

F'urther, as the variation in the number of gill-rakers, their form and 
length have an important bearing on the classification of fishes; a great number 
of scholars have made a study of them. As for those of the shark, there is 
an interesting report written by Turner (1879) on the basking shark, which is 
noted for having a fine sieve. There are a few other reports too, but I shall 
omit them in view of their nature. 

As the gill-rakers of sardine are so fine that they often attract the atten¬ 
tion of scholars, considerable number of reports have been yet published. One 
of the most important recent reports was made by Scofield (1934) who observ¬ 
ed the gill-rakers of Sardina caerulea, viz. the California sardine. And Sake 
(1938), Nakai (1938) made the important reports on the gill-rakers of the 
Japanese sardine, Sardinia melanosticta, but as those reports will be explained 
in the subsequent chapter, I shall not mention their details here. 

Digestive Tract 

As for the general treatise on the digestive tract of fishes, I shall refrain 
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from reviewing the work of Aristotle once too often, but let us look back 
upon the study made by Preston (1697) which I am inclined to believe to be 
the oldest. To quote his words “Their (fishes) stomach is membranous: for 
fish swallow down other small fish whole, and sometimes earth; therefore it 
is necessary to have a power of contracting itself forcibly to break in pieces 
its contents. Their intestines make several great windings, a sign that the 
fermentation is but slow in them, which is made up by their great length.” 
After his work there is the report of Cavolini (1787), but I have not had a 
chance to read this. 

Cuvier gave a very accurate account of the morphological studies he had 
made on the digestive tract of fishes in Vol. V of his “ Lemons d’anatomie 
comparee ” (1800-1805) and Vol. IV of “ Vorlesungen fiber vergleichende 
Anatomic” (1809-1810), and the same of Perea in “ Histoire naturelle des 
poissons” (1828). In the wake of Cuvier’s contributions, Rudolphi (1802), 
Home (1814) and Meckel (1829), authorities on comparative anatomy, also 
studied the digestive tract of fishes; particularly Home and Meckel who con¬ 
centrated their efforts to this study accomplished the valuable works with a 
number of fishes. 

In studying the digestive tract of fishes we cannot forget the work of 
Rathke (1820-25). He was the first person to devote himself specifically to this 
study when the other scholars whom I have mentioned above, were studying 
it as a part of their work on comparative anatomy. He made a morphologi¬ 
cal study of the stomachs and intestines of Gasterosteus spinchia^ Cyprinm 
carassias, Silurus glaris and 20 other species of fishes. Owen who is 
known as a great scholor of the comparative anatomy of teeth, made several 
original studies of the digestive tract of fish, one of which was completed in 
the year 1866. He was the person who classified the fish stomach into 2 
types, viz.. “ siphonal ” and “ caecal Among those who specialised in the 
digestive tract of teleost fishes, the wwk of Cajetan (1883) is widely known. 
He made a morphological study on the oesophagus, the stomach and the 
intestine of Cobitis and 5 other species of teleosts. And the anatomical 
works made by ("ole (1901) on Pleuronectidae are also valuable for the 
per.son who study the digestive tracts of fishes. One of the great 
comparative anatomists, Gegenbaur made numerous contributions too in addi¬ 
tion to his work in the year 1875. There are also many interesting articles 
regarding this study (particularly pertaining to those of the stomach) in the 
text-book of anatomy (p. 751-777) of Haller (1904). Then we come to the 
work of Eggeling (1908) who studied the digestive tract of Pagrus, Sciaena, 
Scomber and 40 other species of teleosts. Combining his studies with those 
of Cuvier, Rudolphi and Meckel, he completed a careful and detailed study 
of form and construction of the digestive tracts of 179 species of teleost fish- 
' es, especially the relation between the food and the folds of the mucous 
membrane of the digestive tract. 

In studying the history of the digestive tractx>f fishes, the name of Eduard 
Jacobshagen and Eduard Pernkopf must be given as among the foremost. 
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In 1911, Jacobshagen wrote a treatise entitled “ Untersuchungen iiber das 
Darmsystem der Fische und Dipnoer” which may be regarded as the most 
excellent report among those ever written on the digestive tracts of fishes, 
especially the winding type of the intestine and the folds of the mucous mem¬ 
brane. In doing this he made a careful study of the works of Cuvier, Home 
and Rathke and endeavoured to complete his studies in every way. There is, 
however, one thing which I think was unfortunate, and that is, all of his 
materials for study was taken from fishes in European waters. Nevertheless, 
in completing niy present study, I am deeply indebted not only to his work 
but also impressed by the very earnest manner in which he pursued his study. 
In 1930, Pernkopf published a fine report entitled “ Beitrage zur vergleichen- 
den Anatomie des Vertebratenmagens This report is not rich in its contents 
but it is evident therefrom that h(‘ possessed an infinite interest in the sto¬ 
machs of fishes. He made a detailed study on the stomachs as also their 
mucous membranes, their muscles, and the pyloric appendages with number 
of fishes, and contributed immensely to this field of study. In Vol. 11 of the 
“Handbuch der vergleichenden Anatomie der Wirbeltierc” to which I have 
already referred in the earlier part of this treatise, he wrote about the stomach 
(Vorderdarm) and Jacobshagen about the intestine (Mittel- und Enddarm) and 
contributed to this line of study. 

In regard to the form of the oesophagus of fishes, as this is generally 

studied concomitantly with the form of the stomach, there are no separate 

reports dealing with this subject alone. But there is a report by Bornaud 
(1887) dealing with the lining epithelium of the oesophagus of fishes, and 
Pictet (1909) made a report on that of Cyprinidae. Gerhardt (1914) WTote a 
report on the oesophageal papillae of Icliihyococcus ovatus, 

Pernkopf’s studies, above referred, can be said to be the most complete as 
far as form of the stomach of fishes are concerned, however, as already stated, 
there are still other studies such as of Cuvier or Jacobshagen. In Japan, 
Okamoto (1918) made a report on the form of the stomach of 47 species of 
Japanese fishes, but it was far from being satisfactory in that it decided 

the form <)f the stomach, in many instances, according to the results 

obtained from 1 fish only of each species. As for the structure of the 
stomach, I believe that what Aristotle said of the stomach of Mugilidae being 
like the structure of the gizzard of a bird and what Cuvier averred of Cyprinidae 
having no stomach (1810) are noteworthy remarks from a historical point of 
view. The stomachs of important fishes, such as the carp, the herring, the 
sardine, the salmon, the trout and the mullet, were made objects of study by 
many students, but insofar as literatures in this connection concerned, I shall 
mention them later. This is because of the way in which I should like to 
use them in my subsequent chapters. 

The mucous membrane of the stomach has been observed by almost every 
students who has dealt with the stomach of fishes. But OppeFs (1896), 
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Cuvier’s, Eggeling’s, Jacobshagen’s, Okamoto’s, and Pernkopf’s with which 
names you are already familiar, as also Biedermann’s (1875), Edinger’s (1876) 
and Glinsky’s (1883) works stand out above the rest. 

Regarding the intestine of fishes, the studies of Jacobshagen, to whom I 
have already referred, surpass any those made. Among the numerous reports 
written in this connection, I should like to introduce here only the works 
which principally treated of the intestines of fishes and not those which an¬ 
atomists have taken up as a part of their work on the comparative anatomy. 
First of all we have Preston (1697) whose report I am inclined to believe is 
the oldest. However, according to Gunther’s writing — “ An introduction to 
the study of fishes”, 1880, p, 8—Swammerdam (1637-1680) gave a descrip¬ 
tion of the intestines of numerous fishes before this. The studies of Cuvier, 
Rudolphi, Home, Meckel, Rathke, Eggeling and Jacobshagen cannot be ignored 
by those who are interested in the study of the intestines of fishes, together 
with the important works of Gegenbaur on the general study of the same 
(1875, etc.). 

There is a great deal of literature on the intestine of one species of fish, 
but as 1 shall have to mention them when 1 give an ac-count of my own 
study, 1 shall refrain from mentioning them here, and in the present I shall 
introduce only the works which deal with the different families of fishes. Beginn¬ 
ing with Clupeidae, Kishinouye (1907) wrote a short report on the intestines of 
Japanese sardines, while Krumbholz (1910) who made an anatomical comparison 
of the intestines of 10 species belonging to Macruridae, made mainly a care¬ 
ful observation of the winding type of intestines of these fishes. Nussbaum- 
Hilarowicz (1915) studied the form and structure of the intestines of 3 
species of deep-sea fish, namely, Stomias boa, Gastrostomus bairdii and 
Melamphaes mizolepis. In 1923 Kishinouye made a brief report on his 
observation on the intestines of Scombridae. Not long after this Biihler 
(1930) made a morphological and histological study of the intestines of Stro- 
matidae. Of the works in connection with the histological studies of the in¬ 
testines of fishes in general, those of Valatour (1861), Oppel (1897) and Yung 
(1899) are excellent, while those of Pictet, whom I have mentioned arc 
renowned too. He studied the histological construction of the intestines 
of 5 species of fishes belonging to Cyprinidae. There are also studies 
on the intestines of different species of teleosts by Blake (1930), and of 
fresh water fishes by Rogick (1931). With regard to the intestinal mucous 
membrane, besides the reports of Oppel, Eggeling, Jacobshagen and 
Edinger who dealt with this question when observing the stomach, the studies 
of Owen (1866) and Wiedersheim (1898) must be mentioned. Wiedersheim 
divided the folds of the intestinal mucous membrane into 4 types and related 
the relationship between them; while Eggeling pointed out that although 
the intestines of carnivorous fishes were short and those of the herbivorous 
long, their intestinal mucous membranes were promiscuously arranged and had 
no relationship with their feeding habits. Besides those whom 1 have already 
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mentioned, those who engaged themselves in this study are Cattaneo (1900), 
Gemmill (1899), Bizzozero (1904) and Sunvick (1907) who also made a study 
of the intestinal muscles. Among the various studies on the intestinal mucous 
membrane, there is a rather interesting and novel report by Gulland (1898) 
on that of the salmon. He found out that at the time the salmon moved on 
towards the river from the sea, its intestinal mucous membrane underwent a 
catarrhal change, which change extended to its stomach, and when it had 
finished laying its eggs, it returned to its normal condition. 

There are many other important researches, such as the works on the 
histological studies of the intestines of the loach which resorts to the intestinal 
respiration, and regarding the extensible stomach of fishes belonging to 
Chiasmodontidae or other deep-sea fishes, but as I shall be writing them 
later I shall not mention them in this chapter. 

Pyloric Appendage 

The pyloric appendage is a digestive organ peculiar to fishes, especially 
teleost fishes, and many of them have this organ. It is an appendage situated 
in bunches right after the pyloric part of the stomach at the beginning of the 
duodenum, and ranges in number from 1 to manifold. The first person to 
discover that fishes had a pyloric appendage was Aristotle. Though briefly 
he wrote about it in his book and stated that the number varied considerably. 

Afterwards, a number of anatomists studied this organ and made reports 
concerning it, but up to the middle of the 19th century, none were able to 
observe correctly what this was. They had erroneously believed that it was 
the pancreas, or an organ to take the place of it. I believe that this mis¬ 
judgement is traceable to 2 factors: firstly, because the pancreases of teleosts 
are diffused with the blood and lymphatic vessels and are not the com¬ 
pact organs as are seen in other vertebrates, and unless they are observed 
histologically, they are found with utmost difficulty. Secondly, because the 
teleosts have a pyloric appendage, an organ which cannot be found in 
other vertebrates. Such being the case, there is nothing to wonder that 
Preston wrote in his treati.se (1697) “they have indeed usually many pancreases 
so that in some there have been found forty-four ”, as even Cuvier, who is 
known as the father of modern anatomy, had made the similar mistake. To 
quote his words from Vol. I of his “ Histoire naturelle des poissons ” (1828) 
“C’est tout pres du pylore, qu’il y a dans le grand nombre des poissons des 
boyaux aveugles souvent tres nombreux, et dont la veloutee, repiiee en mailles 
serrees, parait fournir abondamment une liqueur glaireuse, que Ton croit avec 
vraisemblance tenir lieu de celle du pancreas”. Furthermore, Rathke, who 
specialised in the study of the digestive organs of fishes, reported in his well 
known “ Uber das Darmkanal der Fische ” (1824) that the pyloric appendage 
and the pancreas were the same organ. 

However, in 1873, Legouis made a study of the pancreases of numerous 
fishes and determined that the pyloric appendage and the pancreas were dis¬ 
tinctly two separate organs, while Laguesse (1894) made a histological study 
of the pancreas and supported the statements of Legouis, which gradually 
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dissolved the wrong idea hitherto maintained. Sometime after this Jacobshagen 
(1911) observed that the folds of the mucous membrane of the pyloric append¬ 
age were almost the same with those of the intestine, and Dawes (1929) made 
clear the similar article by the histological observation. Thus the fact that 
the pyloric appendage is an appendage of the intestine and the pancreas exists 
separately has became completely recognized. 

Regardless of whether or not the pyloric appendage was mistaken for 
the pancreas, the study of the pyloric appendage and also its morphological 
observation, were made by Steller (1753) in the 18th century, letting alone 
Aristotle, and also by Hyrtl (1865, 1868) in the 19th century, and Kostanecki 
(1913) and Pernkopf (1930) in the 20th century, all of whom accomplished 
praiseworthy researches in this respect. Comparative anatomists too, like 
Stannius (1846,1, p. 197-198) and Owen (1866,1, p. 428) stated in their books in 
regard to the variation in the form and the number of the pyloric appendage 
and also its arrangement. There were others who engaged themselves in 
similar studies — such as Rosenthal (1824) who made these studies in connec¬ 
tion with Xiphias, Kner (1851, 1852), Day (1887) and Cattanco (1900) in 
connection with the Salmonidae. 

Liver and G all-bladder 

Apart from the work of Aristotle, as far as 1 know*, the oldest study 
which has ever been made of the livers of fishes was done in 1817 by 
Mierendorff, but unfortunately, I have not had an opportunity of reading this 
report. After his time, Rathke made reports on the structure of the liver of 
fishes in 1826 and 1838. In 1827, when Weber, renowned for his Weberian 
ossicles (or Weberian apparatus), was studing the liver of fishes, taking the 
carp for his material, he happened to discover, in such an old time, the 
hepatopancreas, an organ peculiar to Cyprinidae, and contributed much to the 
progress of the line of study. Some 50 years later, from 1866 to 1867, 
Eberth found out that the liver of teleosts was constructed purely tubulose 
and that the gall capillaries were finer when compared to those of other 
vertebrates. In connection with the study of the structure of fish liver, there 
are many works besides these, namely the study of Schmid (1882), the work 
of Macallum (1884) on the liver of Amiurus catus, the research of Shore and 
Jones (1889) who took the Muraena and Pleunmectes for their materials and 
found like Eberth that the liver of teleosts the tubulous structures. 
Opposing the study of Eberth, Retzius (1892) avouched that from the study 
he had made of the livers of Esox and Anguilla^ the central capillaries of 
fish liver were in no way fine and that they, moreover, branched out in number. 

Braus (1896) made a very interesting discovery when he was completing 
a comparative and anatomical study of the liver of vertebrates. He found 
that the liver cells of Selachii and Holocephalii were very large while those 
of Teleostomi were, on the contrary, very small. 

In the 20th century, some studies were achieved by Segerstrale (1910) 
who had made a histological study of only the liver of teleosts. Quite recently, 
Siwe (1937) gave a morphological study on the fish liver, Vol. Ill, p. 739-742, 
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of “Handbuch der vergleichenden Anatomie der Wirbeltiere It is worthy 
of note that in his paper, he made the careful description on the position of 
the liver and its relation with the pancreas of such fishes as Anguilla vulgaris, 
Pleuronectidae and other teleosts. There are many other studies, but as 
they do not deal with teleost fishes, 1 have decided to omit them. 

Now we come to the development of the teleost liver. The studies of 
which were made by Stohr (1893) and Strieker (1899). Stohr undertook the 
study of Trutta, while, Strieker, in studying the development of tlie digestive 
system of the same species, was careful to note the connection between the 
position of the liver and that of the other organs. 

In regard to the gall-bladder of fishes, the work accomplished by Aristotle 
is really remarkable. He began by explaining that fishes do have a gall¬ 
bladder and went on to discuss its form. The special study of the gall-bladder 
-of fishes has seldom been made, viz., the report of Cabibbe (1903) is about 
the only one that has been written dealing with this subject. Unfortunately, 
I have not had a chance of reading this work as yet. 

Pancreas 

As the pancreases of higher vertebrates are all compact organs, they 
were correctly observed from ancient times, however, as the majority of those 
of fishes are diffused and not easy to discover them macroscopically, they 
were mistaken, as previously mentioned, for the pyloric appendages of fishes, 
before the middle of the 19th century. 

The first person who ever attempted to write about the pancreas was 
Commelin (1667); then we have such men as Blasius (1673), Preston (1697), 
Cuvier (1828), Alessondrini (1833), Brockmann (1846), and Stannius (1848), but 
they have either erroneously taken the pylbric appendages for the pancreas or 
have commented upon the compact pancreases which can be seen in the 
Elasmobranch fishes. The influence of the mistake of a great anatomist like 
Cuvier was particularly great. Later, however, the wrong idea was rectified 
by Legouis (1873). He discovered the scattered, diffused and compact pan¬ 
creases of fishes, and declared that they were entirely independent of the 
pyloric appendage. In spite of his research was minute and eminent in every 
respect, he was unable to clarify the mistake hitherto maintained in its entirety 
because he had observed the pancreases of fishes histologically or embryologi- 
cally. Not long after this, Kruckenberg (1877), by physiological experiments 
of the pancreases of Belone rostrata, Rhombus maximus, Mugil cephalus and 
Perea fluvmtilis, was able to ascertain for himself that fishes have a pancreas. 
But, he received the objection of Nussbaum (1882) and Cajetan (1885), and 
his study were also not yet recognized generally. Then, with the advent of 
Laguesse (1889), who took it upon himself to reexamine both histologically and 
embryologically the pancreases of Crenilabridae, Scorpaenidae, Blennidae and 
Syngnathidae, the same fishes which Legouis had observed macroscopically, 
and advocated the precision of Legouis’s research, thus the mistake which 
hitherto prevailed was retrieved. Later, with the discovery of the pancreas 
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cell by Eberth and Muller (1892) of Esox Indus, the fish pancreas became to 
be better known and the knowledge thereof more accurate. 

Kupffer (1892) studied the development of pancreases and spleens of 
teleosts; Goppert (1893) the development of the pancreas of Trutta fario; 
Kruger (1904) the histology and physiology of those of Perea fluviatilis, Coitus 
scorpius, and 10 other species of teleosts; while Woodland (1911) studied 
the gas glands of teleosts and their pancreases at the same time, thus making 
it possible to understand what the pancreas really is. 

In the meantime, Diamare (1899) was able to prove histologically with 
iMphius piscatorius and 7 other species of fishes that the so-called corpuscle 
which Brockmann and Stannius had written, were of the same construction 
as the islets of Langerhans of higher vertebrates. Not long after this Rennie 
(1913) made a report of the studies on which he had made of Lophius 
piscatorius and 27 other species of teleosts and reported that there were islets 
of Langerhans which were both isolated and scattered, whereupon Vincent 
and Thompson (1907) proved that the islets of Langerhans of fishes produced 
insulin like those of other vertebrates, and contributed materially to the line 
of study. There is a report of great significance written recently by Siwe 
(1926) dealing with the development of pancreas in the embryos of Trutta, 
Cyprinus, Coregonus, and Syngnathus, 

In Japan the study of the pancreas of fishes has been achieved — in fact 
it was brought to the attention of the people concerned when Osawa (1915) 
discovered that the pancreas of Limanda Yokbnamae w^as scattered around its 
bile duct and that there was 1 islet of Langerhans. Ugai (1926) made a 
histological observation of the pancreases of 23 species of fishes, particularly 
of Brockmann’s corpuscles. Recently, Arima and Kubota (1931) finished a 
very detailed and thorough study of the pancreases of fishes living in fresh 
and sea waters, and found that the pancreases of a total of 72 species were 
distributed inside and outside of the liver, outside of the digestive tract, and 
inside of the spleen. 

Food and Feeding habits 

Preamble 

The study of the food and the feeding habits of fishes may be divided 
into 3 sections : — 

1. Baits for angling. 

2. Baits for fish culture. 

3. Natural food. 

With regard to the first item, the angling is an occupation of old 
historical standing, consequently it has been studied from ancient times. Re* 
garding the second item, the carp, for example, which has been cultured 
from ancient times, its baits have been noticed from very olden times. But 
as the study of the third item became necessary for study only after the fish 
anatomy was put in practice and the result of the first and the second items 
were properly systematized, so the history of this study is comparatively young. 

Now, as the first and the second items do not, on the whole, have any 
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connection with my present study, I wish to concentrate my efforts on the 
third item and make a comparatively detailed explanation to its history of study. 

The scientific papers in connection with the study of the natural food 
and the feeding habits of various fishes in various countries throughout the 
world run into a great number, with the works of Aristotle before Christ and 
Collinson (1746) in the 18th century heading the list. In this chapter, how¬ 
ever, I wish to mention mainly those which handle the subject synthetically, 
and those pertaining to the food and feeding habits of one species of fish 
will be taken up later when I write about the studies which I made person¬ 
ally, referring to them as literature consulted. 1 shall not therefore mention 
them here, unless they require special mention or unless I think 1 do not 
have a chance of mentioning them later. 

Gmeral Trea tise 

In order to understand the feeding habits of fish correctly, one must, 
even for the study of 1 species of fish, make a careful examination of the 
stomach contents of the numerous fishes collected in different localities each 
season, and it is only after this that one is able to form an opinion. It is there¬ 
fore almost impossible for any one from the standpoints of time and economy 
to complete this work, viz. strictly speaking, the study of the food and feed¬ 
ing habits of fish. No one has therefore completed this dilBcult task to this 
day. However, in gross estimation, there are quite a number of valuable 
reports written on the general treatise of the food and feeding habits of fish. 

First, Forbes (1878, 1880) studied the feeding habits of various fishes liv¬ 
ing in the fresh water regions of Illinois. Although this is a rather old study 
and confined to one district, it is an important study for students in that 1) 
the study was made from a wide range of material, and 2) an excellent 
classification was made of the feeding habits according to the results of the 
study. He examined the natural food of Dorosoma cepidianum, Polyodon 
spathula, Ameiurus melas, Catostomus nigricans^ and a few others, all of 
which are fresh water fishes, and classified their feeding habits into 8 
classes, namely, mud eaters, plankton eaters, shell-fish eaters, insectivores, 
vegetarians, piscivores, dead body eaters and omnivores. He stated further 
that the digestive system of each group of fish and their feeding habits had 
close relation to each other. 

There are quite a few text and popular books on the feeding habits of 

fishes, but the majority of them are more or less conceptive and based upon 

poorly-founded scientific grounds. But owing to the information in the books 
written by Leunis(l883) and Brehm (1892) regarding the feeding habits of 
fishes being accurate and written/in detail, students have used them in their 
scientific papers. For example, Eggeling (1907), when making a report of his 
studies on the digestive tract of fishes, adopted the studies of the former for 
every species of fish and contrast them with his own. Susta (1880) who 

studied the feeding habits of carp and many other fresh-water fishes, gave 

examples of the voracious carnivores the Esox IvciuSy Perea flumdtilisy Silurus 
glanisy Anguilla vulgaris, and 4 other species; as small animal eaters, the 
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Carassius vulgaris, Gobio fluviatilis, Cobitis fossilis, Coregonus maraena, and 
8 others; as herbivores, the Scardinius erythrophthalmus, Leuciscus rutilus, 
Squalius dobula, Pearse (1915), as the results of his examination of the food 
of numerous fresh-water fishes living in lakes and marshes in the State of 
Wisconsin over a period of 2 years, from 1914 to 1916, stated that although 
the food taken by fishes in the same habitat was almost the same, there was 
a certain amount of preference, according to the species of fish. He classifed 
these fishes into 5 classes in accordance with their feeding habits, namely, 
vegetarians, piscivores, insectivores, those that eat entomostracans, and those 
that eat mud and sediments. 

Besides the reports mentioned above, there is a report by Knox (1855) 
on the food of certain gregarious fishes, and a few others by Baird (1871), 
Sim (1883), Goode (1883), Robertson (1890), Carr (1908), who treated the 
subject of fish food in a rather conceptional manner. Most of these reports 
are short, and although they are taken up from a historical point of view, 
they are not important. 

In Japan, Tokuhisa (1918) was one of the first to write a general treatise 
on the feeding habits of fishes. He examined the stomach contents of 25 
fishes collected in the fresh and brackish water of Lake Hamana, Kasumiga- 
ura. Lake Biwa and Imaenada, and rectified the classification which Forbes 
had made. He classified them into 7 classes, viz. piscivores, shrimp-eaters, 
insectivores, shell-fish eaters, plankton eaters, algae eaters and mud eaters, 
and drew attention to the fact that there were fishes of one species which 
entering under 2 or 3 classes. S. Nakamura (1932-1935) made a very im¬ 
portant and interesting report on the feeding habits of various fishes cultured 
in the aquarium of Kominato, Tiba Prefecture. 

Food of JF^hes in Various Localities 

As the natural food of fishes in fresh-water regions is an important matter, 
not only from angling point of view but from the transplantation of fishes, a 
great deal has been written about it in the past. 

To begin with, Forbes, Susta, Pearse and Tokuhisa studied the food of 
fresh-water fishes; besides which, the study made by Schiemenz (1905) is im¬ 
portant historically. He examined the stomach contents of Leuciscus rutilus 
and a few other important wild fishes living in fresh-water and pointed out^ 
that their food consisted principally of insect-larvae or plankton, such as the 
copepods and the diatoms. Then, we have the report of Droscher (1907) 
which we cannot overlook. He, like Schiemenz, made a study of the feeding 
habifs of almost the same fresh-water wild fishes, and compared his study 
with those of Schiemenz and others. Insofar as the general remarks are 
concerned, he was inclined to agree with those of Schiemenz and others. For 
studies made recently, Dobers (1922) must be mentioned. Since 1913 he 
engaged himself in the examination of the stomach contents of 4 species 
of fresh-water fishes in the experimental pond of Sachsenhausen, Germany. 
They were Perea fluviatilis, Acerina cemua, Leuciscus rutilus, etc. As the 
result of a very close examination of the stomach contents of these fishes, he 
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found that they ate principally the larvae of Chironomus and others, Bosmina 
and Daphnia^ etc. Sibley (1928) examined the stomach contents of a great 
number of fishes in Lake Erie, America, and ascertained that larval fish was 
the staple food of adult fishes in this region, and that the larvae of Chironomidae 
and insects came next. He also found that the food of larval fishes was 
planktonic crustaceans. 

In addition to these reports, there are others by Strodtmann (1897) who 
studied the natural food taken by various fishes for instance, Leudscus rutilus 
and other fishes, in the fresh-water regions of Germany; by Ward (1898,1903) 
who studied the food of fishes in Nebraska Stream and Lake of the Sierras, 
America; by Hankinson (1908) who examined the food of fishes in Walnut 
I^ke; by Lavrov (1909) who observed the food of those in the Wolga River, 
Russia; and by Kemmerer, Bovard and Boorman (1923-24) who studied the 
food of those in Bear Lake, Henry Lake arid other lakes in America. Roughly 
speaking, the contents of these reports are more or less along the same line 
as those already given. 

In Japan, besides the excellent report written by Tokuhisa, there is an 
interesting report by Kondo (1929). When he was making a study of the 
influence the dirty water of the tributaries entering into the Yodo River had 
on the creatures living in that region, he discovered, as the result of examin¬ 
ing the contents of the digestive tracts of Sarcocheilichthys variegatus^ Opsari- 
ichthys undfostris, Carassius auratus, Cyprinus carpio found in the Katura 
River, that the fishes living there were bigger and plumper in comparison with 
those in other regions, and that this was because dirty water helped the in¬ 
crease of the larvae of Chironomidae, etc., the staple food of fishes in that 
region, rather than hindered it. 

In the reports written by Takayasu,’ Igarasi and Sawa (1930) of the 
Hokkaido Fisheries Experimental Station regarding the biological investigations 
made of the various lakes in the Hokkaido, there is a record in connection 
with the natural food of various fishes, Tnborodon hakonensis and others, in 
the lakes. This record gives valuable hints in utilizing the above lakes. 
Furthermore, the Imperial Fisheries Experimental Station (1935) made a 
biological investigation of Lake Aoki, Nagano Prefecture. During this investi¬ 
gation, they made a minute investigation of seasonal variations in the natural 
food of Triborodon hakonensis and Hypomesus olidus, Seiisi (1935) examined 
the stomach contents of Triborodon hakonensis and a few other species at the 
water-way of the Yamaguti Reservoir and rendered valuable hints insofar as 
the purification of the source was concerned. 

The study of the natural food of sea fishes is regarded with importance 
for fisheries, because it has a close connection with the distribution and migra¬ 
tion of these fishes. It was for this reason that a great number of reports, 
as given hereunder, were published. 

Let us begin with the works of German scholars: Mobius (1875) studied 
the natural food of North Sea fishes; Rauschemplat (1901) of fishes caught 
in Kiel Bay; Franz (1910) of North Sea fishes; Schultz (1911) of those in the 
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Baltic Sea. He also studied the parasites at the same time he was studying 
the stomach contents. Of these reports, Franz’s report is noted for its com¬ 
pleteness. He analyzed in detail the stomach contents of Gadus morrhua and 
7 other species of Gadidae, Pleuronectes limanda and 1 other species of 
Pleuronectidae. Lately (from 1928 to 1929) Hertling wrote a report on the 
natural food of Pleuronectidae and many other sea fishes in the Baltic Sea. 
This too was a very fine piece of work. 

In England, there are the reports of Day (1882), a noted ichthyologist, 
who examined the stomach contents of herrings and mackereds in Cornwall; 
Smith (1891, 1892); A. Scott (1896); and T. Scott (1902, 1903). Of these 
Scott, although I shall write about it later, directed his studies not only to 
the food of adult fishes but to young fishes as well. In addition to these 
reports, there is a report regarding the molluscs, etc. playing an important 
part in the food of fishes by Todd (1900; as also reports by Johnstone 
(1906) and Carr (1908) who examined the stomach contents of various fishes 
in English waters. When the Imperial Oceanographic Institute of Russia 
conducted in 1929 experiments of the Barents Sea fisheries, Zenkevich (1931) 
studied both seasonally and qualitatively the stomach contents of the cod and 
other fishes, and made a very important report on the food constitution of 
each fish. Besides this report, I should like to mention the recent work of 
Birula (1931) which deals with the food of blackish and sea-water fishes of 
the Kara Bay and Kara River. 

In 1929 the Muroran Branch of the Hokkaido Fisheries Experimental 
Station in Japan conducted some fishing experiments at various places using 
the deep-sea tow-net, at which time they examined the stomach contents of 
the fishes belonging to Scorpaenidae and Macruridae and other various 
species. These experiments went a long way towards clarifying the natural 
history of deep-sea fishes and developing deep-sea fishing grounds. 

The connection between the living conditions of bottom faunas and those 
of bottom fishes, especially their food, has very often been brought up for 
contrast. Denmark is noted for her studies in this direction. Among her 
scholars Petersen (1911, 1918) and Blegvad (1925) are the most noted. In 
England the studies of Ray (1913) who said that the bottom deposits of the 
Irish Sea had close connection with the stomach contents of bottom fishes and 
Steven (1929) who made practically the same remarks about fishes around 
Plymouth, are the most distinguished. At the same time he was examining 
the bottom faunas living there, Steven studied the stomach contents of flat¬ 
fishes and gurnards living in the same region and discussed not only the close 
relationship existing between the two but made a careful and detailed obser¬ 
vation of the interesting feeding habits of the various species of bottom fishes. 

Thus, as can be seen from the foregoing, there is quite a bit of literature 
on the food of bottom fishes, but everyone of them deals only with the food 
of fishes on the shallow-sea bottom, and there is hardly any one to study the 
same on the deep-sea bottom. It is, however, just touched upon in the papers 
of Gill (1878), Goode, and Bean (1895) where they say that Chiasmodon niger 
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has an extensible stomach and swallows large size fishes whole. 

The report of Joubin (1933), of France, written at a time when there 
was such a scarcity of literature on this subject, was a great incentive to the 
scientific world. According to his researches, deep-sea bottom fishes (not only 
fishes but also other animals) live, so to speak, on some jelly-like substance 
which has been produced by the decomposition of bacteria of dead bodies of 
animals and vegetables, which had died in shallow seas or rivers, and by the 
pressure of water upon them after they had been brought to the deep-sea 
bottom after many years, and the view hitherto advocated that they ate one 
another was not correct in many instances. 

P lank ton ai^ Food of Fishes 

It was after the middle of the 19th century when the study of the 
plankton became so systematized that it became to be considered as an 
important food of fishes, either directly or indirectly. 

The first person to study the plankton as an important natural food of 
fresh-water fishes was Baird (1857). He made a microscopic examination of 
the stomach contents of the trout and a few other species of fresh-water 
fishes and found that they consisted mainly of the plankton. After this, 
Forbes (1880, 1883, 1888, 1914), Susta (1888), Schiemenz (1905), Dobcrs 
(1922), and Sibley (1928) studied the food of fresh-water fishes. The majority 
of scholars agree that the plankton plays an important part in the food of 
fishes. Of the many reports written about the food of fresh-water fishes, the 
report of Zacharias (1893, 1902' is perhaps the most prominent historically. 
Scientists who discuss to any extent the connection between the plankton and 
the food of fishes cannot of necessity neglect this report. He examined the 
stomach contents of Coregonus albula and Perea flmdatilis etc. found in Plon 
Lake, principally young fishes of these species, and emphasized the importance 
of the plankton as fish food. 

Recently, Ladiges (1935) examined the stomach contents of fishes at the 
mouth of the Elbe River and found that copepods were their staple food. 
That the plankton is an important food of marine fishes is discussed in the 
reports of Verrill (1871), Mobius (1881, 1882), Dunn (1885), Fulton (1889), 
Brooke (1893), Hofer (1896), Steuer (1905) and Frank (1905). As marine 
fishes that take the plankton directly as their main food are chiefly sardines, 
herrings and mackerels, fishes which are valuable world-wide for fishery, there 
are ever so many excellent reports about them, such as those of Lewis (1929) 
on the sardine {Sardina caerulea) ; Savage (1931) on the herring (Clupea 
harengus) ; and Bullen (1908) on the mackerel {Scomber scombrus). However, 
I shall not go into details at the present chapter, as I shall write about them 
later. 

Resides the foregoing, recently an American botanist, Lowe (1936), made 
a study of the Pacific diatoms and came to a very interesting conclusion that 
diatoms were the food of copepods; copepods the staple food of herrings; 
and herrings, in many instances, became the food of larger fishes; and that, 
to quote his words: “ The copepods and herring were found to be important 
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links in the food chain between diatoms and the large fishes/’ These remarks 
are, however, neither new nor original, as in 1908 Johnstone wrote already 
about the connection in his book, p. 286, or since long every biologist and 
even layman know it well as a common sense. 

One other thing that I must mention regarding the plankton as fish food 
is about the book written by Cornish (1896) entitled “ Animals at Work and 
Play; their Activity and Emotion ” dealing with the oecology of various ani¬ 
mals, in which on pages 240-247, under the caption of “The Invisible Food 
of Fishes ”, he emphasized the zoo-plankton and phyto-plankton as important 
fish foods. This article, at a time when the knowledge of the plankton was 
not quite so popularized, must have aroused the interest of many an amateur 
scientist. 

As for studies on fish food by Japanese scientists, besides those already 
mentioned, Kishinouye (1907) wrote a report on the plankton as seen in the 
stomach of Japanese sardines (Clupea melanosticta), while Tokuhisa (1908) 
wrote a report on diatoms eaten by Pleco^ossus altivelis in the Tama River; 
Nakazawa (1921) on the feeding habits of Sardinia melanosticta, Clupea pallasii, 
Engraulis japoniaiSy Clupanodon punctatus^ Cololabis saira, Trachurus japonicus 
as fishes that cat the plankton ; and T. Miyauti (1935) on the food of Hypo- 
mesus olidus found in the waters of Kasumigaura. 

Food of Y oung Fishes 

In the previous chapter, I have written about the importance of the 
plankton as the main food of fresh-water and marine fishes, such as herrings 
and sardines. In the present chapter I wish to explain the plankton, by citing 
references, as something more important as the natural food of practically all 
larval or young fishes. 

With regard to the food of young fishes living in fresh-water, besides 
Zacharias who pointed out in his report of 1901 and other similar reports 
that the plankton was an important item in the food of young fishes, recently 
Sibley in his report of 1928 asserted that the food of larval fishes in Lake 
Erie, U. S. A., was practically confined to planktonic Crustacea. 

In connection with young marine fishes that take the plankton for their 
food, Herdman (1893), Scott (1907) and Allen (1917) reported on various young 
fishes, while Petersen (1897) made a detailed report on the young of Pleuronecti- 
dae, but the study by Lebour is the most renown of all the researches made 
on the food of young fishes. As the result of her observations in 1917 of 
the stomach contents of Labrus bergylata, Caranx trachurus. Scomber scombrus, 
and various other post-larval fishes caught in tow-nets off Plymouth Sound, 
she found that their main food was copepods (1918). Further in 1919 she 
examined the stomach contents of iMbrus bergylata, 17 species of young fishes 
and 41 species of post-larval fishes and ascertained that they consisted of such 
species of the plankton as diatoms, copepods, schizopods, flagellates etc. In 
the same year she made a list of the species of the plankton which became 
the food of young fishes and made a report on the species of fishes that ate 
these. 
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Later, Welsh and Breder (1924) studied the life history of white perches, 
spots, and croakers collected along the coast of eastern United States and 
paid careful attention to the food of their young. Pearson (1929) also paid 
particular attention to the stomach contents of young fishes when he was 
studying the life history of redfishes and croakers, principally the fishes which 
belong to Sciaenidae collected along the coast of Texas. 

Not long after this Hildebrand and Cable (1930) studied the life history 
and development of 14 species of teleostean fishes collected in Beanfort and 
made a careful observation of the natural food of anchovies {Anchoviella 
epaet’USf Anch, miichilli)^ pig fishes (Orthapristis chrysopterus), white perches 
{Bairdiella chrysura), spots {Leiostomus xanthurus)^ croakers, (Micropogon 
undulatus)y amberfishes {Seriola dumerili). and summer flounders {Paralichthys 
dentatus). 

In Japan Nakazawa (1921) stated that the food of voung fishes was the 
plankton and advocated the fact that it was very important to make a study 
of this as far as fishery was concerned. Uchida who is noted for his work on 
the life history of Japanese fishes, found from his observation of the food of 
Oplegnathus fasciatus (1926), Manacanthus cirrhifer (1927), Parapristipoma 
trilineatum (1929), Hyporhamphus sajori (1930), Pleuronichthys comutus (1932), 
Siganus fuscesens, Pempheris umbrus (1933), Verasper varegains, Boleophthalmus 
pectinirostris (1935), and Coreoperca herzi (1935) that during their young stage 
their food was the plankton, either copepods, other minute crustaceans or diatoms. 

BVom 1936 to 1938 Okada and Seiishi investigated the development and 
ecology of various Japanese fresh-water young fishes. In this study they an¬ 
alyzed the stomach contents of Pseudorashora parva, etc. (1936) Pseudobogrus 
aumntiacus etc. (1937), Cobitis biwae (1938), and Tribolodon hakonensis, etc. 
(1939), and found that small insect larvae and aquatic algae played an important 
part in their food, not to speak of the primary importance of the plankton. 
Voracity of Fi shes 

The fact that fishes have their stomach filled with food — in other words, 
the voracity of fishes — has attracted the attention of people long before the 
various items I have already mentioned were ever discussed, due to the fact 
that there were opportunities for experts or specialists, such as fishermen, 
anglers and chefs to observe them more frequently. For example, Arnault 
de Nobleville stated in 1756 in his book that pikes were extremely voracious. 

Now, I can easily give the names of these reports in their chronological 
order, but as I believe that it will be easier to understand if I gave them 
according to the classification of fishes I shall do so. 

There are various reports, besides the report of Adams (1848), on the 
voracity of certain species of sharks which say that they had even made man 
the target of their food, but as this is not within the scope of my present 
studies, I shall omit them. Moreover, as I have related in the chapter of the 
“ Digestive System ” that the sword-fish used its sharp jaws to attack whales 
and other large animals (including human beings), I shall not make any com¬ 
ments about it again in this chapter. 
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Steele (1876) wrote about the voracity of the cat-fish belonging to Siluri- 
dae. According to his report there was some ox liver, 28 pcs. of hen’s eggs, 
and a child’s shoe in the stomach of the cat-fish caught in the lake on the 
Arkansas. 

The gar-pike, I^pidosteus, with projected lower jaws is commonly found 
in the Mississippi Valley. Regarding the avidity of the pike, Esox Imius, as 
already staled, Arnault de Nobleville (1756) was the first scholar to write 
about this. Then, Stirling (1863) and Corbin (1873) made reports on the 
voracity of this fish. According to Stirling, the above fish attacked water- 
hens and walor-onzels, from which it may be seen that the voracity of this 
fish was no loss sharper than the greediness of fishes about which 1 have al¬ 
ready written. 

F.veryone knows that the cod-fish is voracious. Buckland il876) found 
10 different kinds of fishing hooks and a piece of fishing cord in the stomach 
of an English cod-fish and inferred that it took more than 10 species of large 
fishes at one time, and was utterly amazed at its greediness. Trachmann 
(1889) found that one Gadus aeglefinus had stuffed its stomach with 14 
Gadus merlangus; Sharp (1901) described the avidity of the Englich cod which 
greedily gorged bottom-creatures, such as crabs and shell-fishes; Marukawa 
(1919) refiorted on the gluttony of the Japanese cod-fish, Gadus macrocephalus 
— how it gorg(Hl Tlwragra chalcogramma^ flat fishes, trouts, crustaceans etc.; 
Hickling (1928) on how the Merlucdus vulgaris fed on the Gadus poutassou; 
and all the stdiolars agreed with the opinion expressed on the voracity of the 
cod. 

J’he cHigler-fi>h is a groteMjue looking fish with a very big mouth. For 
this it was included unconditionally with the voracious fishes. Besides Blake- 
Knox (1865) who said that the angler fish, Lophius piscatorius, was a ravenous 
fish. Fulton (1903) asserted not only the voracity of this fish but owed the 
frequency of an empty stomach to the complete digestion of the food with 
which it had filled its stomach during the time it had been allowed to lie 
after it was caught. Began (1930) intimated that* angler-fishes of the deep-sea 
took all the food they could once they found it, for they were always in want 
of food. 1 o support his statement, he described the largeness of its stomach 
and proportionate expansion, and gave an example of a certain angler fish which 
he had examined. This fish swallowed whole a fish 2 to 3 times its size. 
Contrary to this, Tanaka (1916) and Wilson (1937) advocated the fact that 
the reason the buccal cavity and stomach of angler-fishes caught by trawl 
ers were filled with fish was because they had taken food while they 
were in the trawl or it was forced in accidentally while they were knocking 
about in the trawl, and negated the voracity of angler-fishes, which is worthy 
of note. 

It was observed by Carte (1866), Gunther (1866), Gill (1879), and Goode 
and Bean together (1895; Fig. 264; no description) that the black swal¬ 
lower, Chiasmodon niger^ had a distensible body and stomach and could 
swallow fishes many times its own size. Gill wrote as follows regarding the 
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manner in which it seized its prey: It espies a fish many times larger than 

itself, but which, nevertheless, may be managed, it darts upon it, seizes it by 
the tail and gradually climbs over it with its jaws, first using one and then 
the other; as the captive is taken in the stomach and integuments stretch out, 
and at last the entire fish is passed through the mouth and into the stomach, 
and the distended belly appears as a great bag, projecting out far backwards 
and forwards, over which is the swallower with the ventrals dislocated and 
far away from their normal place. The walls of the stomach and belly have 
been so stretched that they are transparent, and the species of the fish can 
be discerned within’', 

Curious Feeding Habits of Fishes 

In some text-books or popular books of fishes, there is an interesting 
article on the curious feeding habits of the archer-fish {Toxics jaculator) and 
a few others. However, as the source from which the information had been 
derived w^as not clear, there were many people who did not give credence to 
it. I myself was one of them too, but after making a thorough investigation 
of the literature on this subject,, I found that there were not only a great 
deal of them but many reported results of observations that were really reli¬ 
able. I have therefore decided to make a few remarks under this caption. 

The archer-fish or the shooting fish, viz. Toxtes jaculator^ has a peculiar 
habit of catching and eating insects near the surface of the water by shoot¬ 
ing drops of water at them. This was first described by Schlosser in 1764. 
The following is an extract from his report, and it is, in my opinion, a valu¬ 
able piece of information in that it describes the results of his experiments: — 

“ Governor Hommel gives the following account of the jaculator or shoot¬ 
ing fish, a name alluding to its nature. It frequents the shores and sides of 
the sea and rivers in search of food. When it spies a fly sitting on the 
plants that grow in shallow water, it swims on to the distance of 4, 5, or 6 
feet, and then, with a surprising dexterity, it ejects out of its tubular-mouth 
a single drop of water, which never fails striking the fly into the sea, when 
it soon becomes its prey. Jbe account of this uncommon action of this cunn¬ 
ing fish raised the Governor’s curiosity; though it come well attested, yet he 
was determined, if possible, to be convinced of the truths, by ocular demon¬ 
stration. For that purpose he ordered a large wide tun to be filled with sea 
water; then had some of these fish caught and put into it, which was chang¬ 
ed every other day. In a while they seemed reconciled to their confinement; 
then he determined to try the experiment. A slender stick with a fly pinned 
on at its end was placed in such a direction, on the side of the vessel, as 
the fish could strike it. It was with inexpressible delight that he daily saw 
these fish exercising their skill in shooting at the fly with an amazing velo¬ 
city, and they never missed the mark 

Governor Hommel referred to in the quotation gave an account of his 
observations. The following is a part of his report: — 

“ When the jaculator fish intends to catch a fly or any other insect, 
which is seen at a distance, it approaches very slowly and cautiously and 
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comes as much as possible perpendicularly under the object: then the body 
being put in an oblique situation^ and the mouth and eyes being near the 
surface of the water, the jaculator stays a moment quite immovable, having 
its eyes directly fixed on the insect, and then begins to shoot, without ever 
showing its mouth above the surface of the water, out of which the single 
drop, shot at the object, seems to rise 

There is also an interesting report on the experimental results of this 
fish in Brehm’s “ Tierleben There is described how archer-fishes cultured 
in an aquarium began to shoot water as they became accustomed to their 
environment, find how the shooting was directed not only to ants and insects 
crawling on the walls of the aquarium but to fingers that were brought near 
the vessel. 

It will be seen from the foregoing, 1 think, that this fish had a curious 
way of getting food, that is, by shooting water at insects or any other object 
that was to be its food. In addition to these studies, Zolotniskii (1902) ob¬ 
served the shooting of the fish cultured in an aquarium and Beccari (1904) in 
Sarawak, Borneo. Recently Dobben (1935) cultured this fish in an aquarium and 
found that its shooting distance was from 30 to 40 centimeters. In 1936 Wegner 
examined the construction of its mouth anatomically and studied its functions. 

It is a WY‘11 know’n fact that the walking goby or the jumping fish, Peri- 
ophihalmus^ which inhabit the tropical waters of Africa, Asia and Australia, 
not only have the odd habit of coming ashore but climbs trees as well. In 
this connection, vide the works of D. Livingstone and C. Livingstone (1866), 
Bean (1889), Woodford (1890), Jordan, and Seale (1905). According to Hickson 
(1889) who studied the habits of this fish in Celebes, it favours and eats not 
only the crabs and insects in the water but those on land. The Japanese 
Periophtlialmus, that is, the 'Fobihaze (Periophthalmus canionensis), whose 
habitat is in the Ariake Sea and other regions, feed on, according to Uchida 
(1935), small animals, such as little crabs and worms along its shores. 

Saemundsson (1922) stated that the fry of Ceratins^ one of the species of 
the angler-fish, lived on the skin of its large female as parasites. Later it 
was developed by Regan (1930) that the small fry which Saemundsson had 
seen was really an adult male, and that when it was compared with the female, 
it was one thousandth its weight and hung on to the skin of the female by 
its mouth. It was also revealed that their blood vessels were ultimately joined, 
and that the male obtained its nutrition from the female. 

Furthermore, there are various other literature on the curious feeding 
habits of fishes, such as Fierasfer which makes its way into the cloacal chamber 
of Holothuiroidea, and the shark suckers (Echeneididae) which attach them¬ 
selves to the body of sharks and take whatever food that is left over by them. 
However, I shall not go into details regarding them. Before concluding this 
chapter I should like to introduce the very characteristic work of Moodie 
(1909). According to his investigations, the chub {Semotilus atromaculatus) a 
fish which has its habitat up the Niobrasa River in North America, jumps up 
and seizes the horn flies (Haematobia serrata) that swarm around the oxen that 
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are raised in this region and bathe in the river in the summer. He took a 
photograph of this and produced it in his report. 

Misce llaneous 

I have in the foregoing chapters given under different headings an out¬ 
line of the history of the studies made in connection with the feeding habits 
of fishes, and believe that 1 have convered the ground fairly well, but as there 
arc a few other articles which cannot be included in any of the chapters al¬ 
ready given, 1 will introduce them collectively in this chaptei*. 

It is a matter of common knowlege that a species of mosquitoes in the 
tropic called Anopheles is the intermediary of malaria. As it is important to 
study and know to what extent the minnow and other fresh-water* fishes feed 
on the larvae of this mos(|uito and thus to what extent thev are the means 
of eliminating malaria, scholars of different nations have engaged themselves 
earnestly in this study. However*, as the germs of this disease, vi/. Malaria 
plasmodium, were discovered in 1880, it was only in the 20th centui*y that 
this study became to be taken up seriously. The oldest report in this respect 
was made by Mark (1890). Some thii*ty or forty scientific repor*ts were later 
submitted by scholars of different countries, but the most noted of these are, 
1 believe, the report of Seyrnour-Sewell and Chandhuri (1912) and that made 
by Hilderbrand (1919, 1921). 

When Seymoiir-Sewell and Chandhuri were studying the etlicaciousness 
of fishes as mosquito destroyer's, taking for their material various Indian fish¬ 
es, in vrevv of their feeding habits, they found that Haplochilus pnnchax, //. 
lineolatus, H, melastigma which belong to (’yprinodontidae, weie useful as 
destroyers of the mrrsquito larvae, because they had a habit of getting their 
food near the surface of the water and were strong enough for tr.ui'-planta¬ 
tion, anti that Barbus phuntunio, B, stigma, B. ticto, B, terio and Nuria danrica, 
which belong to Cyprinidae, were also useful, judging from thoir fe(*ding 
habits for similar purposes. Hildebrand found that the Gambusia afjinls in 
his aquarium ale more than 100 mosquito larvae per clay, and recommended 
that the fish would also be a useful mosquito destroycT. He ascertained at 
the same time that Heternndria formosa was efficacious too in this respect. 

In Japan Koizumi (1914) and Miyazima, Koizumi and Takano (1925) made 
similar studies and found that Kasbora daniconia was also usc^ful whic^h was 
thought useless by Seyrnour-Sewell, 

Miura is one of the famous divers of Japan, and his report on the ecology 
of aquatics at the Ijottorn of the sea is very intt resting and noted for its inter¬ 
est. He wrote a number of articles on the living conditions of fishes, 
among which the one on feeding is most interesting. For instance, regarding 
what he calls the ‘‘ sand-blowing ” fishcsS, i. e., Monacanthus cirrhifer and 
Ditrema temniincki, etc., he said that these fishes shot water which they had 
in their mouth by suddenly shutting the opercles to blow the sand away from 
their food which consisted of worms, small crabs and fishes which have their 
habitat in the sand at the bottom of the sea. 

In conclusion, I wish to say a few words on the famous Putter’s theory: 
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the very attractive theory advocated by Putter in the year 1909 on the mode 
of taking nourishments by fishes. He maintained that fishes, especially young 
fishes, absorbed org<mic and inorganic substances not only through their gilJ- 
filaments or alimentary canals hut also their skin. As this was a very original 
way of thinking, it was questioned at the time, but later I-.ipschut7 (1911) 
made experiments with carps and eels and supported his idea. 


Systematic Survey 


RKMAitKs ON Description and Abbreviaiions used in the Figures. 

I. Abbren'iations used in Description. 

1) Mouth* “ m-cand “ m-b ” are the abbreviations used for cleft of 
mouth and breadth of mouth respectively. 

2) Tongue. Looking at it from above, I have used the words “triangular”, 
“ trianguloid ”, “ semi-elliptic ” and “ long-stretched ” as the form may be. 
For special forms, I have given illustrations. 

3) Pharyngeal teeth. In the majority of cases, I have described the 
teeth on the upper and lower pharyngeal bones separately. And as the teeth 
on the upper pharyngeal bone are generally divided into 3 sets, namely, 
the front, the middle and the back sets, an necessity arose, 1 showed the 
number of teeth of the respective sets as I-av. 12, Il-av. 20, and Ill-av. 10. 

1) Gill-rakers. All descriptions are made of the gill-rakers on the first 
gill-arch (left side). When 1 say 
that the gill-rakers are corres¬ 
pondingly “ vertical ” or “ oblique ” 
to the gill-arch, I am referring, as 
illustrated, to the angle between 
the base line of the gill-raker and 
the long axis of the gill-arch. 

o) Stomach. According to its 



Fjg. 7. Angle of gill-rtiker. 



Fig. 8. Shape of stomach. A. l-shape. B. U-shape. C. V-shape. I). Y-shape. E. H-shape. 
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outward appearance, the terms “I-shape”, “U-shape”, “V-shape”, “Y-shape”, 

and “i-shape” are used. 

6) Intestine. In many 
instances the intestine is des¬ 
cribed as being “ N-shape 
By this I mean, as shown in 
the illustration, the intestinal 
tract which makes a turning 
of nearly 360"* twice. When 
excluding the stomach, the 
length of the intestine is deter¬ 
mined by comparing it with the distance from the beginning of the oesphagus 
to the anus (shown as o^^-a) and, in the event the stomach is included, the 
distance from the beginning of the duodenum to the anus (shown as d--a). 

II. Abbreviations used for the Explanation of Figures. 



Fig. 9. N-form winding. 


Abbrevia¬ 

tion 

English name 

Nomina anatomioa 

a 

Anus 

Anus 

a, b 

Air-bladder 

Nectocystis 

b 

Barbel 

Cirrus 

b. a 

Bone of attachment 


b.d 

Bile duct 

Ductus cboledochus 

b. s 

Blind sac 

Saccus caecalis 

b. V 

Blood vessel 

Vasa sanguinis 

c. d 

Cystic duct 

Ductus cysticus 

c. p 

Cardiac part 

Pars cardiaca 

d 

Duodenum 

Duodenum 

de 

Dentine 

Substantia eburnea 

di 

Diaphragm 

Diaphragma 

e 

Enamel 

Substantia adamantina 

g. a 

Gill-arch 

Arcus branrhialis 

g. b 

Gall-bladder 

Vesica fellea 

g‘C- 

Gill-cover 

Operculum 

g.f 

Gill-filament 


g. o 

Genital organ 

Organa genitalia 

g-r 

Gill-rakers 

Radii branchiostegi 

b.d 

Hepatic duct 

Ductus hepaticus 


Intestine 

Intestinum 

. i 
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1. p. c 
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Family Dorosomatidae 

1. Clvpanodon punctatus (Temminck et Schlegel) : Konosiro. 

A. Digestive System. 

Body very much compressed, somewhat elongate, and elliptically ovate; 
head rather small, conical. Mouth not large (m-c being ca. 2/7 and m-b ca. 
3/13 of head length), subterminal, slightly inferior, upper jaw slightly project¬ 
ing beyond the lower; lips thin ; no teeth. Buccal cavity small; Plicae palatinae 
raiher developed in longitudinal folds. Tongue very large, triangular, thick 
but soft, free, no teeth, smooth, melanin chromatophores absent. No pharyn¬ 
geal teeth. Gill rakers on all gill-arches subsimilar in form; length reduces 
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gradually‘from the anterior arch, those on the first gill arch numerous (over 
500 in number), very close-set, long (as long as corresponding gill-filaments), 
tips blunt, no process; melanin chromatophores scattered in gill-arches. 

Peritoneal cavity rather large; peritonium thin and black. Oesophagus 
moderately long and narrow with thick wall, mucous membrane of which 
forming 8-9 longitudinal folds. Stomach typical U-shape (blind sac degenerat¬ 
ed), cardiac pari short but rather wide, mucous membrane of which forming 
papillae; principal part of stomach, viz.. Corpus ventriculi curved tubal, as 


p.a 



; ' - * 

P.P 

d 

Fig. 10. Clupanodan punctatus. 



A B C 

Fig. 11. Clupanodon rmnctatus. A. Gill. B. Stomach and air-bladder. 
C. Cross section of pyloric part. 


wide as cardiac part, mucous membrane of which forming ca. 8 longitudinal 
folds. The Ductus pneumaticus which connects to the middle part of the air 
bladder starts at this place; pyloric part spherical, wall thick (longitudinal 
muscle layer developed), similar to the gizzard of birds, mucous membrane 
forming 5-6 longitudinal folds. Intestine long (as long as body length, ca. 1.8 
times d—a), begins at the lower end of the pyloric part, runs directly under 
it toward the caudal, passing the stomach, makes several short turns, as illus¬ 
trated, resumes its course and arives at the anus which is situated just before 
the anal fin; walls of which moderately thick, mucous membrane forming 
oblique transversal folds. Pyloric appendages numerous, clustering, spread 
from the lower left front side of the digestive tract to the end of the intestine 
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on the right. Hyrtl who made a study of the pyloric appendages of Clupano- 
don aureus stated that the number was so great that it was impossible to 
count .them (1855). 

Liver generally consists of 2 lobes, the left lobe being larger than the 
right, a part of which becomes the hepatopancreas, filling in the gaps made 
by the pyloric appendages and the intestine; gall-bladder not large situated 
in front of the pyloric appendages, spherical; Ductus choledochus moderately 
long. Spleen near the end of the intestine, triangular and small. (Many 


Table 1 

Stomach contends of Clupanodon pnnetatus 
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fishes have their spleen near the end of stomach). 

B. Feeding Habits. 

As far as I know, I believe that the report of Miyafuzi (1928) was the 
only one ever written concerning the stomach contents of this fish. In 1928, 
he examined the stomach contents of 334 fishes which were collected from 
the adjacent waters of Fuzan, Tyosen. According to his researches, this fish 
took mainly for its food diatoms and copepods, sometimes larval fishes of 
sardines and certain species of Crustacea. 

Unfortunately, I did not have a chance to make a collection of this fish 
from various localities, as in the case of sardines, but by the courtesy of a 
Mr. K. Kurata, the proprietor of “ Susi-Ei ”, a noted “ Susi ” shop on the 
Ginza, I was able to obtain nearly 500 stomachs of this fish. From the ex¬ 
amination of 523 stomachs I obtained the following results:-- 

As may be seen from Table 1, this fish seems to be of the voracious 
kind and takes diatoms and copepods for its pricipal food. Judging from the 
fact however that it feeds mainly on Fragilaria, Natncula and Isopoda, it 
might be that it goes in pursuit of food to the bottom, but the fact that no 
sand particles, mud or cl am-worms {Nereis) could be found in its stomach 
would indicate that it does not take chiefly the food in the bottom of the sea. 

Family Dussumieriidae 

2. Etrumeus micropus (Temminck et Schlegel): Urumeiwasi. 

A. Digestive System. 

Body elongate, subcylindrical, slightly compressed; head elongate, com¬ 
pressed anteriorly, flattened above, snout long and pointed. Mouth moderate 
in size (m-c being ca. 1/3 and m-b ca. 5/23 of head length), terminal; lower 
jaw a little longer than the upper; lips thin. A row of minute teeth in each 
jaw; fine villiform bands on vomer and palatines. Buccal cavity not large. 
Tongue large trianguloid, upper surface of which rough because of the existence 
of villiform teeth, free, Musculus hypobranchiales developed ; melanin chromato- 
phores absent. Pharyngeal teeth rudimentary. Gill-rakers coarse, 49 in 
average number, long (the length being ca. 2/3 of corresponding gill-filaments), 
flattened somewhat, slender, and pointed; process numerous. 

Peritoneal cavity comparatively large; melanin chromatophores scattering 
in the peritoneum. Oesophagus short, with thick wall, mucous membrane of 
which forming 12 longitudinal folds. Stomach Y-shape; blind sac longer than 
the cardiac part, cardiac part being longer than the pyloric part. Pyloric 
part ovate, wall of which the thickest. Mucous membranes of the cardiac part 
and the blind sac form 12 longitudinal folds, the same as in the oesophagus. 
Intestine moderately wide, short (as long as d^a), wall thin; there is no 
valve between the intestine and the rectum, the mucous membrane both of which 
forming transversal folds. Anus opens just in front of the anal fin. Pyloric 
appendages consist of a mass of small clusters, numbering about 1000, locat¬ 
ed primarily at the lower left of the stomach. In Vol 20 of their book, 
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Cuvier and Valenciennes (1828-1849) describe the pyloric appendages of Dus- 
sumieria acuta as “ numerous 



Fipi. 12. Etrumeus microjms. A. Digestive tract. H. Gall-bladder. 


Liver polylobes, thin, overhanging the upper right of the stomach. Gall¬ 
bladder almost spherical, located at the upper part of the pyloric part. Spleen 
‘small, semi-circular, situated near the middle part of the stomach. Air-bladder 
long, fusiform; Ductus pneumaticus short, communicating with the end of 
the blind sac. 

B. Feeding Habits. 

Table 2 


Stomach contents of Etrumeus micropus 
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I collected samples of this fish in 5 different regions around Japanese 
waters in various seasons, and the results of my examination revealed that 
this fish was inclined to be more carnivorous in its feeding habits than the 
other sardine-like fishe«. 

3. Spratelloides japonicus (Houttuyn) : Kibinago. 

A. Digestive System, 

Body elongate, subcylindrical; snout rather long and pointed. Mouth 
rather small (m-c being ca. 3/8, m-b being ca. 1/3 of head length). Upper 
jaw a little shorter than the lower; maxillary comparatively broad. Teeth 
none. Buccal cavity long and narrow ; tongue small, semi-elliptic, the upper 
surface of which somewhat concave, translucent, teeth and melanin chromato- 
phores both absent, free. No pharyngeal teeth. Gill-rakers long and slender, 
tips pointed, length of which being ca. 3/2 of corresponding gill-filaments, 
close-set, ca. 50 in number. 



Peritoneal cavity long, peritonium thin, and rich in melanin chroraato- 
phores. Oesophagus moderately long and narrow, where the mucous membrane 
consists of 8 to 9 of longitudinal folds. Stomach assumes Y shape, blind sac 
very long, Ductus pneumaticus starts from * its end, cardiac part a little longer 
than pyloric part, mucous membrane of stomach consists of about 7 longitudinal 
folds, wall of pyloric part moderately thick. Intestine short and narrow, run¬ 
ning almost straight towards the anus, length of which being ca. 3/5 of body 
length, and as long as d—a, wall thick, folds of the mucous membrane zigzag 
(or W-shape). Anus directly in front of the anal fin. Pyloric appendages 
long and broad, a majority of them situate at the right side of the stomach, 
tips pointed, bent a little, 15 in number. 

Liver small, spherical, situates at the left side of the digestive tract, right 
lobe is so small that liver is apt to be mistaken as single-lobed ; gall-bladder 
very small spherical. Spleen moderately long and large. 

B., Feeding Habits. 


Table 3 

Stomach contents of Spratelloides japonicus 


Date 

Loral ity 

Number 
of 6sh 

Body length 
(cm) 

Stomach contents 

Nov. 7, ^9U 

Sigedera, Sizuoka Pref. 

11 

4.7~6.t 

Indistinct 

Feb. 14, 1935 

Nakatu, Oita Pref. 

10 

Av. 6.3 

do. 
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As shown in Table 3, 1 made a collection of 21 fishes from 2 localities 
in 2 different times, however, I could not find anything but mucous in their 
stomachs. In addition, the folds of the mucous membrane of their digestive 
tracts were all distinct, and there were no traces that they had eaten fully. 

Family Cliteidae 

4. Clupm %)allasii ((’uvier et Valenciennes): Nisin. 

A. Digestive system. 

Body elongate, compresst^d, especially in front of the eyes. Mouth terminal, 
not large (m-c being ca. 1/2 and m-b ca. 1/4 of head length), oblique upward, 
lowfir jaw longer than the upper. Small and weak teeth on the intermaxillary 
and mandible, none on the premaxillary, vomer with 2 rows of small teeth. 
Buccal cavity moderately large; Plicae palatinae forming longitudinal folds. 
Tongue moderately large, trianguloid, free, armed with a small patch of 
minute teeth, melanin chromatyphores absent (PI. Ill, Fig. 4) ; Musculi hypo- 
branchiales developed. Pharyngeal teeth exist only rudimentary. Gill-rakers 
long (a little longer than corresponding gill-filaments), slender, tips blunt, 
thickly grown, the number of which ca. 55-72; process numerous but not so 
many as Sardinia mrlanosiicta (PI. IV, Fig. II). 



1J. Cfupea pallasii. 


Peritoneal cavity rather large, fusiform; peritonium thin, dusky. Oeso¬ 
phagus short but rather wide, with thick wall, mucous membrane of which 
assuming ca. 20 distinct longitudinal folds. Stomach Y-shape: blind sac long¬ 
er than the pyloric part and the pyloric part a little longer than the cardiac 
part. Mucous membrane of the cardicic part constituted by double nets among 
the 7 to 8 wider folds of the 20 longitudinal folds of the oesophagus (1^1. VII, 
Fig. 15) ; blind sac large, fusiform, wall of which thinner than that of the 
cardiac part, especially the end ; folds of the mucous membrane subsimilar to 
those of the cardiac part; Ductus pneumaticus starts at its end; pyloric part 
ovate, walls thick, pylorus having a strong valve, viz. pyloric valve; mucous 
membrane consists' of single net and longitudinal folds. Intestine almost a 
straight line to the anus, length of which being ca. 1/2 of body length, as 
long as d-^a, moderately narrow, walls rather thin, mucous membrane of the 
beginning of the intestine forming polygonal nets but soon changing to trans- 
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versal folds, namely, ring folds and not spiral folds (PI. IX, Fig. 8). There ^ 
are nets which are not distinct among these folds. Pyloric appendages rather 
long, the length differing somewhat, 25 to 27 in number, located at the lower 
end of the pyloric part and spread to the right side of the stomach. 

Liver consists of 2 lobes which are not very distinct, located at the left 
side of the digestive tract, and covers almost 1/3 of the cardiac and pyloric 
parts, pyloric appendages and the blind sac. Gall-bladder spherical and small; 
Ductus choledochus short. Pancreas white, located between the pyloric 
appendages and along the digestive tract. 

The digestive tract of the European herring was studied by Cuvier (1810),. 
Rathke (1824), Meckel (1833), Hyrtl (1855) and Jacobshagen (1911); especially 
Jacobshagen made a careful and detailed study of the folds of mucous mem¬ 
brane of the intestine. 

B. Feeding Habits. 

As it is important to know what kinds of food are taken by the herring, 
which is one of the most important fishes from the fishery point of view, a 
great number of reports have been written in countries all over the world. 
Owing to various circumstances, I could not collect suflicient samples of this 
fish as in the case of sardines about which I shall write in the next chapter. 
So instead of discussing the feeding habits of this fish from my personal 
meagre results, I have decided to take for my basic arguments the contents 
of these various reports. 

Regarding the food of the herring collected around Japanese waters, 
Kuragami (1930) who obtained his material from adjacent waters of Hokkaido, 
stated that its food Consisted of minute Crustacea, especially copepods. He 
also pointed out that it took food during the spawning season, and that it 
went ever so energetically in pursuit of food after it had delivered its spawn. 
The Hokkaido Fisheries Experimental Station (1930) ascertained that the 
herring which migrated to the neighbouring waters of Syakotan had come in 
pursuit of food and not for spawning. Takayasu and two others (1930) 
reported that the herring which had entered into Lake Tofutu fed on Mysis. 

As for the feeding habits of the herring in foreign waters, Widegren 
(1873) wrote in his report on its food: “ The food of the young, as well as 

the grown herring, consists chiefly of small crustaceous animals.. The 

herring, after spawning, usually migrates to the deep-sea to seek food, and 
does not return till it has again gained in flesh and strength.’^ Ljungman 
(1879) said of the Swedish herring that it took copepods for its principal food 
and pursued food during the spawning season too; and that it migrated de¬ 
finitely for food. It is to be noted that in his report of 1875, he stated that 
the herring on the Coast of Bousalan ate small insects such as Ganeskar, 
Hensen (1879) studied the food of American herring and found that its principal 
food was Crustacea, and that the color of the digestive tract was sometimes 
red, yellow or black, according to the nature of food it took. Day (1882) 
studied the English herring and agreed, although not entirely, with Hensen,. 
and he reported that it ate quite a bit of fishes besides the Crustacea. American 
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scientists Weber and Wilson (1920) examined many herring stomachs from a 
cannery point of view and made a valuable report on the connection of these 
various stomach contents had with bacteria. The results of their analyses 
showed that they consisted of copepods and schizopods. Hardy (1924) found 
from his study of the herring on the east coast of England, that there were 
periods, in autumn and winter, during which it took no food at all. 

The name of Jespersen (J928) cannot be forgotten in connection with the 
study of the feeding habits of the herring. From November 1922 to April 
1926, he made a collection of 7,3J 6 herrings from Danish waters (of which 
2,827 were larval herrings) and examined their stomach contents, from which 
he found that consisted of Crustacea and the rest of fish ova, fishes and 
polychaetes, and that contrary to Hardy’s view, they took food all the year 
round. He made a detailed study of the seasonal change which took place 
in their food, the connection between stomach contents and the plankton of 
various fishing grounds, etc., about which I shall not enter into details here 
on account of the space it will require. In 1932 he compared the stomach 
contents of the herring caught in Icelandic waters by purse-nets and gill-nets, 
and pointed out that the herrings caught by purse-nets had a large quantity 
of plankton (chiefly copepods) in their stomachs, while those caught by gill- 
nets contained materially less, and some had empty stomachs, which were to 
indicate, he argued, that their food had a close connection with their environ¬ 
ment. Savage (1931) examined the stomach contents of a great many herrings 
off the coast of England and compared them with the plankton collected in 
various fishing grounds, and found that the species which were abundant in 
the fishing grounds were also plentiful in the stomachs of the herrings. As 
the result of a recent study made by Wailes (1935) of the food of young and 
adult herrings in southern British Columbia waters, it was found that the 
herring began to take food when it grew over 9 mm, and that the chief food 
of the adult herring was Copepoda in the spring and Euphausia in other 
seasons. 

There are many other reports on the feeding habits of the herring besides 
those I have mentioned above, but as they are more or less the same, I shall 
omit them. 

Finally, I have come to the conclusion that its principal food consists of 
the ('rustacea, especially copepods and schizopods, and a small quantity of 
larval fishes and polychaets, and that it takes food all the year round. I 
think that this fish makes an interesting contrast with the sardine whose 
principal food is the diatom. 

5. Sardinia melanostica (Temminck et Schlegel) : Maiwasi. 

A. Digestive System. 

Body elongate, subcylindrical, moderately compressed, snout triangular. 
Mouth slightly oblique, not large (m-c being ca. 5/11 and m-b ca. 4/17 of 
head length), not protrusile; lower jaw considerably longer than the upper; 
each jaw armed with a row of rudimental teeth. No teeth on vomer and 
palatines. Buccal cavity large; Plicae palatinae forming approximately 10 
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longitudinal folds. Tongue moderately large, rectangular, free, smooth and 
no teeth, rich in melanin chromatophores; Musculi hypobranchiales developed. 
Pharyngeal teeth absent. Gill-rakers long (the length of which being ca. 3/5 
of corresponding gill-filaments), flat, tips pointed, thickly grown, the num¬ 
ber of which vary somewhat but generally about 150 ; process numerous. 
Regarding the gill-rakers of sardines, Kishinouye (1907) was the first in Japan 
who described on them. Recently, Thompson (1926) found that the shorter 
gill-rakers of the adult fish of Sardinia sajax grew at the inner flexure of the 
first gill-arch, and Sako (1938) found similar facts with S. melanosticta. When 
Scofield (1934) was making a research of the development of the gill-rakers of 
S. caerulea, he made a detailed explanation of how the number and form of 
the processes of gill-rakers changed with age. Nakai (1938) took S. melano^ 
sticta for his material, and as the result of a careful study, he found thjit as 
this fish grew from 1.70 cm to 19.5 cm, the number of gill-rakers increased 
from 11 to 163, and length increased from 0.07 mm to 14 mm, and that the 
number of process of the gill-raker increased from ca. 30 to ca. 120, and the 
length increased from ca. 0.02 mm to 0.18 mm. Pharynx short and funnel- 
shaped. 

Peritoneal cavity moderate in size, fusiform; peritonium thin, rich in 
melanin chromatophores Oesophagus moderately long, wall thick; mucous 
membrane consists of a group of papillae. Stomac h Y-shape, cardiac part 
being as long as blind sac, and pyloric part comparatively shorter. Cardiac 
part, tube-like, with thick wall, mucous membrane of which forming oblique 
bands (PI. VI, Fig. I) ; blind sac fusiform, wall of which moderately thick, 
mucous membrane forming longitudinal serpentine folds (PI. VI, Fig. 2). 
There is a long, narrow tube called the Ductus pneumaticus at the end of 
the blind sac which communicates to the air bladder; pyloric part somewhat 



Fig. 15. Sardinia melanosticta. A. Head. B. Gill. C. Digestive tract. 
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ovate, wall of which very thick, longitudinal muscle layer developed, mucous 
membrane forming longitudinal folds made by rows of small papillae (PI. VI, 
Fig. 3), epithelium chitinous. Intestine rather narrow, moderately long, length 
of which being a little longer than the body length, ca. twice d^a. No dif¬ 
ference between the duodenum and the rectum, wall thin, mucous membrane 
forming closely connected transversal folds. Anus just in front of the 
anal fin. Right at the beginning of the intestine there is a bunch of pyloric 
appendages. They are generally situated at the right side of the pyloric part 
of the stomach and do not vary much in length. None of them are long, 
but there is quite a variation in their number. They average about 120. 


A B 



Fig. IS. Sardinia mvlnnnsticta. A. Cross section ol pyloric part of 
stomach. B. Folds of intesUnal mucous membrane. 


Liver, thin, consists of 2 lobes (ambiguous as polylobes), the left lobe 
being large; Impressio appendicularis rather distinct. Gall-bladder spherical 
and small; Ductus choledochus long but not so long as the length of liver. 
Colour of the pancreas white and apt to be taken for fat, and which located 
between the pyloric appendages, at the end of stomach and along the intestine. 
Situated midway between the blind sac and the intestine is the spleen, large, 
but thin. Air-bladder large, long and spindle shape, from the middle part of 
which starts the Ductus pneumaticus and joins to the end of the blind sac of 
stomach. 

Kishinouye (1907) was the only one to observe the stomach and intestine 
of this fish. None of the scholars, such as Cuvier, Home, Rathke and 
Jacobshagen studied tliem. He found that the stomach of this fish had a big 
blind sac, that its intestine was long and that the pyloric appendages numbered 
about 120. Day (1882) made a study of the digestive system of Clupea 
pilchardus, a species closely allied to this fish. He reported that the oeso¬ 
phagus of this fish had several rows of large proventricular glands, and that 
the wall of the pyloric part of stomach was very thick. 

B. Feeding Habits. 
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Due no doubt to the fact that sardihes, namely the fish belonging to the 
Genus Sardinia, are important from the standpoint of fishery and their being, 
so to speak, rather a cosmopolitan fish, reports on the feeding habits of this 
fish run into numbers. 

Beginning with the report of Kishinouye (1907) on Japanese Sardinia 
melanosticta, there are studies of the Nagasakiken Fisheries Experimental Station 
(1930), Yankovskaya (1937) and Nakai (1938). Studies on foreign species, 
Sardinia caerulea, were made by Thompson (1926, 1927), Lewis (1929), Parr 
(1930), and Scofield (1934), on Sardinia pilchardus by Chester (1835), Couch 
(1835, 1867), Yarell (1836), Hamilton (1843), Sauvawe (1865, 1886, 1889, 1890), 
Bertram (1869), Lilljeborg (1881), Day (1882), Houghton (1883), Wilcocks(1883), 
Albert (1887), Guerne (1887), Monticelli (1887), Poucket and Guerne (1887), 
Vaillant and Henneguy (1887, 1888), Marion (1888, 1889, 1894), Gobin (1891), 
Henneguy (1891), Roche (1893), Smitt (1893), Fabre-Domergue (1896), Benard 
(1903), Kunstler (1903), Richard (1904), Ropers (1906), Rodriguez (1907), Cepode 
(1907, 1908, 1910), Steuer (1908), Ravertet-Wattel (1909), Summer, Ray¬ 
mond and Cole (1913), Swithinbank and Bullen (1913, 1914), Roule (1914), 
Lebour (1918,1919,1921,1927), Huen (1919,1927, 1928), Blin (1923), Navarro 
(1926), Jaoqueme (1926), Belloc (1930), Hart and Wailes (1931). On Sardinia 
neopilchardus. Roughly (1916) made a report on this fish and Arthur (1883) 
did likewise on Sardinia sajax. 

It will be seen from these reports that they all agree in that sardines 
make the zoo-plankton and the phyto-plankton their staple food, but when it 
comes to the question of whether this fish selects its food or not, opinion 
varies considerably. For instance, Kishinouye (1907) says “ It does not ”, while 
the Nagasakiken Fisheries Experimental Station (1930) says it makes special pur¬ 
suits. Lewis (1929) maintained that S.* caerulea went in pursuit of diatoms 
and dinoflagellates, the same as in the case of the zoo-plankton, but Parr 
(1930) argued that diatoms and dinoflagellates were ingested incidentally when 
it was in pursuit of the zoo-plankton. 


Table 4 



c/3 



Locality 

o Z 

»-n c 




Average 


No. 

5’ 

3 

Date 

s-sr 

•-i 

Body 

weight 

(g) 

Body 

length 

(cm) 

Body 

height 

(cm) 

Body 

breadth 

(cm) 

Weight of 
stomaeh 
contents 

1 

A 

Oct. 

16, 1930 

Hunkawan, Hokkaid6 

20 

6:14 

_ 

13.7 

_ 

_ 


2 

B 

Jan. 

28, 19:i8 

Onahama, HukusimaPref. 

10 

— 

35.1 

14.6 

— 

— 

— 

a 

C 

July 

20, 1929 

Komutuhama, Tiba Pref. 

50 

40:10 

22.3 

12.0 

2.3 

1.6 

0.59 

4 


Dec. 

25, 1929 

do. 

30 

9:21 

21.7 

12.0 

2.2 

1.2 

0.71 

5 


Mar. 

3, 1930 

do. 

25 

12:13 

16.7 

11.2 

2.0 

1.2 

0.31 

6 


Julv 

28, 1930 

do. 

25 

7:18 

30.0 

13.0 

2.6 

1.6 

0.59 

7 


Nov. 

15, 1930 

do. 

25 

15:10 

23.0 

12.5 

2.3 

1.4 

0.76 

8 

D 

Aug. 

13, 1930 

Katagai, Tiba Pref. 

30 

12:18 

33.9 

13.6 

2.6 

1.7 

0.74 

9 

E 

Mar. 

7, 1930 

Yenoura, Sizuoka Pref. 

25 

19: 6 

33.5 

14.2 

2.7 

1.8 

0.70 

10 


June 

27, 1930 

do. 

25 

5:20 

13.0 

10.2 

1.8 

1.2 

0.36 

11 

F 

Mar. 

4, 1980 

Miyatu, Ky6to Urb. Pref. 

25 

18: 7 

39.9 

15.1 

2.6 

1.8 

1.02 

12 

G 

July 

10, 1936 

Oita, Oita Pref. 

10 

1 

, 31.0 

14.2 

— ' 

— 

— 
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Fig. 17. Map showing the place of collection of sample*. 


I made a collection of 300 fishes in 12 times from 7 different locali¬ 
ties in the waters around Japan and studied minutely their stomach contents 
to the best of my ability. In identifying the species of diatoms and dinoflagel- 
lates, as previously stated, I put them in weak hydrochloric acid and carmine 
in order to obtain better and clearer observation. 

As the result of this examination is very voluminous and bulky, I have 
to shorten it to the extreme. In the first place, 1 divided the stomach con¬ 
tents into 5 groups, namelv, Diatom, Dinoflagellata, Copepoda, other Crusta¬ 
cea and the rest. Then, I tried to determine to which group the dominant 
species might be assigned and which were the staple species of each group. 

It may be seen from the next table that Sardinia melanosticta takes, 
as ph 3 d;opIankton, diatoms like Coscinodiscus, Pleurosigma and Bidulphia; as 
zooplankton, first Copepoda ; this point is worth comparing with other fishes 
that take plankton for food. Ostracoda, Cladocera and Tinntinopsis come 
next and rarely Amphipoda and Schizopoda. Sand particles and sponge 
spicules were incidentally forced in when the drag-net was hauled up to the 
sandy shore. 

JVfter several experiments, I found that, in the majority of cases, the 
dominant species of the plankton found in the stomach contents of the sardines 
and those found in the fishing grounds were identically the same. Those 
results are almost similar with those of Yankovskaya (1937) and Nakai (1938). 

It is, however, worthy of note that I have been told by experienced 
fishermen that sardines, which acquire an enormous appetite after they have 
spawned, go schooling in pursuit of copepods and schizopods. Lastly, I have 
to tell my readers that the colour of the stomach contents of this fish and 

484‘ti- 



Table 5 

Stomach contents of Sardinia melanosticta 
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its intestine, externally, is dependent upon the food it takes whether it 

takes the phytoplankton or the zooplankton. If it is the former, the colour 
is green and in the case of the latter brown. Hart and Wailes (1931) write 
that in America the former is commonly known as the “ green food ” and 
the latter as the “ red food 
6. Harcngula zunasi (Bleeker): Sappa. 

A. Digestive System. 

Body elongate, much compressed; head rather small, compressed, flatten¬ 
ed above. Mouth almost vertical, the lower jaw slightly projecting; teeth in 
lower jaw very minute, grow in a single row, those in the upper rudimentary. 
Mouth cavity compressed sidewise; villi-form teeth present on the posterior 
part of palatines and on the middle part of tongue; tongue trianguloid, rather 
small, thin, free. No pharyngeal teeth. Gill-rakers long (a little longer than 
corresponding gill-filaments), slender, tips pointed, fine, 80 85 m number, pro¬ 
cesses short but numerous. 



s> 


Fir is Harenf^ula zunas* 

Peritoneal cavity compressed sidewise; peritonaeum thin and black. Oeso¬ 
phagus short, narrow, wall thick. Stomach Y-shape, wall moderate (also the 
pyloric part) ; cardiac part, blind sac and pyloric 
part almost same in length. Mucous membrane of 
oesophagus consists of almost 18 longitudinal folds, 
while that of cardiac jiart of stomach has about 
1 1 longitudinal folds of the papillary processes; 
the mucous membranes of blind sac and pyloric 
part consist of common longitudinal folds. Duodenum 
narrow, curves in S-form at the right side of pyloric 
part of stomach. Intestine runs straight fiom the 
end of duodennm to anus. Whole length of in¬ 
testine being ca. 1/3 of d-^a; the wall of intestine 
thin, the mucous membrane forms closely connected 
transversal folds. Pyloric appendages short, tips 
bluntly pointed, 36 39 in number, locate at the 
left side of stomach. 

Liver rather large but thin, consists of a large la // / 

left lobe and, a small right lobe, gall-bladder 'voiUoi 
spherical; bile duct and cystic duct short. Pancreas of carchac part of stonriarh 
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distributes mainly between the pyloric appendages. Spleen rather large. Air- 
bladder large, spindle shape; Ductus pneumaticus communicates to the end 
of the blind sac of stomach. 

B. Feeding Habits. 

From my examination of the stomach contents of 30 fishes, about 8 cm 
in length, caught from the River Sumida, near the Imperial Fisheries Ex¬ 
perimental Station, on Aug. 27, 1936, I found that they consisted of mainly 
the diatoms such as Navicula or Cosdnodiscus^ and the copepods such as 
Acartia, 


Family Engraulidae 

7. Engraulis japonicus (Temminck et Schlegel): Katakutiiwasi. 

A. Digestive System. 

Body elongate, subcylindrical. Mouth large (m-c being ca. 2/3 and m-b 
ca. 1/4 of head length); snout projecting considerably beyond the mandible; 
mouth cavity not so large due to the width of the mouth cleft, but when the 
mouth is once fully opened, the mouth cavity becomes materially enlarged. 
Jaws armed with a row of minute teeth; none on the vomer, palatines and 
pharyngeal bones. Tongue trianguloid, small, free, thin and smooth; no 
cbromatophores, Musculi hypobranchiales developed. Gill-rakers long (the 




FiK. JiO. Engraulis japonicus. A. Head. B. Digestive tract. 



Fig. 21. Engraulis japonicus. Diagram showing the 
winding-type of intestine. 
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length being ca. 3/2 of corresponding gill-filaments), slender, rather flat, tips 
pointed, closely set, about 60, processes well developed. 

Peritoneal cavity fairly long, subcvlindrical; peritoneum thin and black. 
Oesophagus long in comparison with that of the sardine, wall thick; about 
25 wavy, longitudinal folds constitute the mucous membrane. Stomach Y-shape, 
greyish white. Pyloric part ovate, wall thick. Approximately 10 wide longi¬ 
tudinal folds constitute the mucous membrane of the cardiac part, net-work 
folds constitute the blind sac, and 5 to 6 deep 
longitudinal folds constitute the pyloric part. In¬ 
testine long (the length being 3/4 to 5/4 of 
body length, or av. 3.5 times d—a, but varying 
considerably according to individuals), black, present¬ 
ing one of the most characteristic types of wind¬ 
ing, i. e., as the Fig.* 20, B shows, it would seem 
that it simply coils itself round, but on closer ex¬ 
amination, it will be seen that this winding consists 
of the combination of two different modes, namely, 
the intestine firstly bends in N-shape and secondly 
the each bending part coils in opposite direclions 
around the opposite axis as shown in Fig. 21 ; 
wall rather thick, narrow; folds of the mucous 
membrane transversal, closely set together; anus 
opening just in front of the anal fin. Pyloric 
appendages large and broad, tips pointed, 25 in 
average number. 

Liver moderately large, consists of 2 lobes or more, thin, embracing a 
part of the stomach and the pyloric appendages from below. Gall-bladder 
elliptic, small; Ductus choledochus short. Spleen ovate, located to the right 
of the blind sac and back of the pyloric appendages. Air-bladder large, wall 
thin; Ductus pneumaticus communicates with the blind sac of the stomach. 

B. Feeding Habits. 

As already stated, Sardinia melanosticta which collected from Miyatu, 
Kyoto Urban Pref. in Mar. 10, 1930 had taken a good quantity of animal 
food in addition to diatoms, however, 30 Engraulis japonicus, about 6 cm in 
body length, which collected at the same time took merely the diatoms. 
From this I came to the conclusion that the food of this adult fish consists 
chiefly of the diatom, although it would seem, judging from the size of its 
mouth, that it can take larger animals. According to Nishikawa (1901) who 
made a thorough study of the life history of this fish, the young fed chiefly 
on copepods, but when it reached the adult stage, it specialized in the diatom 
and, at times, ate the young of its own. 

8. Onlia mystus (Linne): Etu. 

A. Digestive System. 

Body greatly elongated and much compressed. Head small and compressed. 
Mouth large (m-c being ca. 1/2 and m-b ca. 1/3 of head length), oblique, and 


Fig. 22. Engraulin japomcMs. 
Folds of mut’ous membrane 
of stomach. 
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subinferior. 1 row of small teeth in each jaw, on the vomer and palatines. 
Buccal cavity not large: folds of the palatal mucous membrane oblique; 
tongue very small, armed posteriorly with a median patch of teeth. Gill- 
rakers long (as long as corresponding gill-filaments), close together, slender, 
tips bluntly pointed, 42-44 in number, process numerous; pharyngeal teeth fine. 

Peritoneal cavity compressed sidewise; a few melanin chromatophores on 
the peritoneum. Oesophagus moderately long and thick,, wall thick; the 
mucous membrane of which consisting of .30 longitudinal folds. Stomach Y- 
shape; cardiac part as long as the blind sac, the pyloric part being a little 
shorter; walls of the 3 foregoing parts all about the same thickness; al¬ 
though the end of the blind sac is pointed, according to my humble investiga¬ 
tions, there does not seem to be Ductus pneumaticus which connects to the 
air-bladder as may be found in other sardine-like fishes. Mucous membranes 
of the cardiac part and the blind sac consist of 7 longitudinal folds, while 
those of the pyloric part 8. Except for the duodenum curving in the 
shape of an U, the intestine otherwise constitutes a straight line and runs 
along the right side of the stomach, the length of which being a little longer 
than d-^a. Wall of the intestine thin, the intestine itself being broad, the 
mucous membrane having transversal folds. Pyloric appendages broad, tips 
pointed, 15 in average number, 4 to 5 of which being short and the rest long. 
Bunches of these are located mainly on the right side of the stomach. 



Liver large, composed of left and very small right lobes, thick, over¬ 
hanging and covering the stomach. The length of the liver is almost the 
same as that of the stomach. Gall-bladder spherical. Spleen, not large, 
connected with the end of the blind sac. Pancreas well developed between 
the pyloric appendages. Air-bladder silvery and spindle-form. 

The significant point in the digestive organs of this fish lies in that its 
intestine does not wind so much as in the case of Engraulis^ and although 
the digestive organs of the former are reddish in colour, in the latter they 
are of black. 

B. Feeding Habits. 

In the spring of 1935, through the courtesies of Mr. H. Watanabe of 
the Hukuokaken Fisheries Experimental Station at that time, I obtained 20 
of this fish, each being 7,8 cm to 26 cm, caught at the mouth of the Tikugo 
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River on the 24th of April, 1935. From my examination of the stomach 
contents of these samples, I found that their chief food consisted of Crustacea, 
of which Acetes japonicus constituted the major portion, and the smaller they 
were, the more voracious they w^ere apt to be. It appeared to me that the 
amount of food which they took decreased as they grew larger, that is, with 
the run up-stream. 


Family Salmonumk 

9. Oncorhynchus keta (Walbaum): Sake. 

A. Digestive System. 

Body elongate, compressed. Mouth moderate in size but the shape and 
size vary in sexual dimorphism, that is, the upper and lower jaws of the virile 
male project out much more than those of the female in the same state; in 
the male the end of the upper jaw turns down like a hook and the jaw teeth 
change accordingly and grow so long that they finally become sharp hooked 
teeth, while those of the female remain small. Buccal cavity moderately large ; 
Plicae palatinac consists of fine longitudinal folds; melanin chromatophores 
present on the palate. Tongue rather large, rectangular, almost triangular at 
the tip, rather thin, free, melanin chromatophores rather densely distributed, 
there are longitudinal folds and teelh. Teeth on vomer and palatines, larger 
those in jaw; none on the 5th branchial arch, only folds of the mucous 
membrane. Gill-rakers somewhat flat and short, the length of which being 
ca. 1/4 of corresponding gill-filaments, strong, lips pointed, not closely set on 
the gill arch, 22 to 24 in number, oblique to the gill-arch ; processes rudi¬ 
mentary (PI. IV, Fig. 9), The number of gill-rcikcrs of this fish became the 
special study of many a scholar. For instance: Jordan and Evermann (1876) 
said there were 24; Koshida (1910) 20 to 21-; S. Tanaka (1921) 21; Ono 
(1928) 22 to 24; Kawakami (1934) 22 to 21; and that the gill-rakers of the 
male numbered a little more than those of the female. 

Peritoneal cavity rather large, a few melanin chromatophores scattering in 

I 



Fig. 24. Oncorhynchus keta. 
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the peritoneum. Oesophagus short and wide, 
mucous membrane consisting of 10 longi¬ 
tudinal folds. Stomach perfect V-shape; 
the cardiac and pyloric parts both being the 
same length, and long; blind sac, a rudi¬ 
mentary existence. Wall of the stomach 
thick, folds of the mucous membrane, as 
illustrated, being longitudinal at the begin¬ 
ning of the cardiac part and the pyloric part 
with net-work between the folds. The 
stomach communicates with the intestine 
through the valve at the end of the pyloric 
part, forming deep longitudinal folds. No 
intestinal winding, except that the duodenum 
curves in U*shape, intestine short (the length 
9 r. n U U L . 1 .' IJ / rather wide, 

rig. Oncorhynchus ketn. rolds ol . i i r .1 j 

mucous membrane of stomach. ^all thick, mucous membrane of the duo- 

denum presents a net work of papillae (PL 
X, Fig. 16), while that of the middle intestine forms transversal folds similar 
to the Plica Kerckringi of the human being (PI. X, Fig. 9). Pyloric append¬ 
ages, regular in length and width tips pointed, 150 in number or thereabouts. 
The opinion on the number seems to differ somewhat among the scholars. 
For instance: Jordan and Evermann (1896) say 80; Tanaka (1921) 140 to 
185; 0no(1928) 130 to 200; Kawakami (1934) 105 to 225. 

Liver consists of 1 lobe, located to the left of the digestive organs, and 
covers a part of the pyloric appendages. ^ Gall-bladder almost spherical, situated 
to the right of the liver and extends to the lower cardiac part. Spleen situated 
at the curve of the stomach. Pancreas located along the curve of the stomach, 
along the intestines, and between the pyloric appendages; rather large, white, 
spherical islets of Langerhans sparsely scattered. 

B. Feeding Habits. 

Regarding the food of the dog salmon at sea, it was evident from the 
studies which Marukawa (1919) made of the stomach contents of those collect¬ 
ed from the waters around Kamchatka, that its main food consists of small 
animals, such as small Crustacea, larvae of crabs, Pteropoda, etc., and the 
Hokkaido Fisheries Experimental Station, who are putting forth their best 
efforts in the ecological observation of Salmonoid fishes, reported in 1929 that 
the principal food of the dog salmon was schizopods, young herrings and 
jelly fishes. The 1934 report gave an analysis of the natural baits of fishes 
in the waters around Kusiro and Syakotan, in which it explained that a large 
quantity of copepods constituted the food. 


The material which I treated in this connection were, to my regret, few, 
but as a supplement to the above studies and grounds for further discussion, 
1 am giving the results of my investigation. 

It will be seen from Table 6 that the food of the dog salmon caught off 
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Table 6 

Stomach contents of Oncorhynchus keta, O. nerka. O. masou 


Sample 

Date 

l.x>calily 

Sex 

Number 

of 

fish 

Stomach contents 


July 16, 
1930 

Ozernaya 


3 

Certain Amphipoda, Anonyx sp., 
certain Crustacea, bones of young fishes, 
none (1) 

O. keta 



4- 

3 

Parathemisto ohlima^ none (2) 


Aug. 14, 
1930 

South Ozernaya 

d" 

4- 

2 

2 

Certain Amphipoda, Siriella sp., Anonyx sp., 
zoea larvae 

Certain Schizopoda, Polychaeta larvae 


July 2, 
1930 

Uristol Bay 


i 

Certain Copepoda, zo'^a larvae, certain 
Polychaeta, Thysunoessa raschh, bone.s of 
young fishes, Stelgistrum sp. (Ottosei-kazika) 

O. nerka 




2 

Thysanoessa raschii 

July 16, 
1930 

Cape Ozerni 

! 4- 
( 1 

2 

1 Zoea of Erirnacrus isenheckti TKegani) 


July Zl, 
1930 

We.st Kamchatka 

\ 

3 

1 

Zoea lrirvac‘, youngs of Chip<*idae, none (1) 

Zoea larvae 

1 

July 16, 
1932 

Sibotu Island 

d" 

4- 

1 

2 

\oungs of Clupeidae 

Zo'^a hu'vae, non(‘ . 1) 

O. fnasoti 

1 

j 

! July 1«, 
1932 

; Ibid, 

! 

1 

1 

i^: 

3 

3 

j Parathemisto oblivia,^ youngs of Osmerus 

1 and Clupeidae 

Certain Amphipoda, certain Copepoda, zoea 
larvae, bones of young fishes 


the coast of Ozernaya and South Ozernaya consists chiefly of Amphipoda, 
Schizopoda, zoea larvae, and Copepoda; and that Polychaeta and young fish 
were found only once among the stomach contents of this fish during this 
analysis. I mention this as a matter of interest because it agrees with the general 
opinion expressed by the foregoing scholars that the main food of the dog 
salmon at sea was the planktonic micro-crustaceans. It would seem that the 
nature of this fish is somewhat milder than the other fishes of Salmonidae. 
According to Marukawa, the male in general is a heavier eater than the female. 
10. Oncorhynchus nerka (Walbaum) : Benimasu. 

A. Digestive System. 

I studied with material collected around the waters in Kamchtka. As 
the form of the body and other details are similar to those of the dog salmon, 
I shall not go to any lengthy description but simply give the different points. 

Mouth moderately large, varies somewhat according to the male and 
female at the period of fecundity but little difference in the size (m-c being 
about the same as in the female dog salmon). Teeth on the jaws, vomer, 
palatines and the tongue; the vomer teeth of the male developing even after 
maturity. The size and form of gill-rakers are similar to those of the dog 
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salmon in the previous chapter, the number being somewhat larger, 32 to 44. 
Contrary to this, the number of the pyloric appendages is somewhat less, 80 
in average. 

The form of the stomach, intestinal winding and folds of the mucous 
membrane are all similar to the species in the previous chapter, the middle 
intestine having distinct transversal folds. 

B. Feeding Habits. 

As far as I have been able to ascertain, the only report on the feeding 
habits of this fish was written by Marukawa (1919). At the same time he 
studied the dog salmon, he collected quite a number of the present species 
and examined its stomach contents, when he found that the two species had 
several points in common, that is, both fed on minute Crustacea or Heteropoda 
and were not of the carnivorous and voracious in nature. From my observa¬ 
tion of the material obtained, there was not much difference in the result 
obtained by Marukawa, namely, as shown in Table 6, their chief food being 
Crustacea, such as Schizopoda and larval crabs, and no substantial amount of 
larval or young fishes had been taken. 

As for the food of land-locked Onchorhynchus nerka (i. e., O. adonis: 
Himemasu), Kawamura (1928) who examined the stomach contents of the 
Himemasu in Lake Aoki, found that during the period of winter and the 
beginning of spring, its principal food was Diaptomus which is found in the 
middle stratum of the lake; from spring to summer Cyclops and larval mos¬ 
quitoes ; and from summer to autumn Daphnia. Higurasi, Kawaziri and Hata 
(1931) made the same study at the same place and obtained almost the same 
results. Takayasu, Igarasi and Sawa (1930) made the same observation with 
those collected in Lake Akan and discovered that their principal food was 
Daphnia and Diaptomus, Further, Hata and Simogawa (1931) ascertained 
that the food of the Himemasu in Lake Noziri was generally Copepoda and 
Cladocera and, sometimes, Tribolodon hakonensis and shrimps. Takayasu and 
Kondo (1934) found that those in Lake Toya fed chiefly on Daphnia and 
Cyclops, only that the female was the bigger eater. Very recently, Matui 
and Wadauti (1937) examined the stomach contents of the Himemasu 
collected in various localities of Lake Towada, and found that although the 
constitution of food matters differed according to the fishing grounds, its 
staple food consisted of Copepoda, Rotatoria, larvae of Chironomidae and 
other insect larvae. 

11. Oncorhynchus masou (Brevoot): Masu. 

A. Digestive System. 

I studied the digestive system of this fish collected from the adjacent 
waters of Sibotu Island, Tisima. Mouth moderately large, hardly any difference 
between the male and the female. Teeth generally smaller than those of the 
dog salmon; minute teeth on the jaws, vomer and palatines. Gill-rakers thick 
and short, numbering 16 to 22. Pyloric appendages comparatively narrow 
and long, 40 to 45 in number. Both the gill-rakers and pyloric appendages 
are less in number than the 2 previous species. The rest, the form of the 
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tongue, the digestive tract, etc. are practically the same as the 2 foregoing 


species. 

B. Feeding Habits. 

The report of Marukawa (1919) is the only literature that may be found 
on the sea food of this fish. According to Marukawa, the principal food of 
this fish is also about the same as the 2 foregoing species, only that it is 
a trifle bit voracious in its feeding and goes in pursuit of small fishes. In his 
report he gives Osmerus as one of the food items of this fish, which was not 
taken at all by the foregoing 2 species. I also have ascertained that this 
fish is much more voracious and carnivorous than the other 2 species. 
There are many reports on the food of trouts in fresh water As far as I 
know, however, reports regarding the natural baits of Oncorhynchvs masou 
are as follows: Kawamura and Maeda (1914) examined the stomach contents 
of those collected at the Marunuma Experimental Station, Sigaken, and 
ascertained that they consisted of Copepoda, Cladocera. Oslracoda and insect 
larvae all the year round. 

12. Salvelinus lencomaensis plui'ins (Hilgendorf) : I wan a. 

A. Digestive System. 

Body moderately elongate, compres'^ed ; head short; nosttils close together. 
Mouth rather large, (m-c and m b both being ca. 1/3 of head length), oblique, 
the upper jaw being slightly longer than the lower. A row of small conical 
teeth on the jaws, vomer, and palatines, which curve toward the throat. Buccal 
cavity tolerably large, the palatal mucous membrane consisting of longitudinal 
folds. Tongue trapezoid, large, free, a groove in the center and a row of 
conical teeth, facing the throat, on e.'ich side of the groove; no melanin 
chromatophores. Pharyngeal teeth degenerated. The gill-rakers of this fish 


possess the characteristics of Salmonidae, there 
not being much difference between those of the 
trout and salmon; about 17 in number. 

Peritoneal cavity rather large; just a few 
melanm chromatophores in the peritoneum. 
Stomach large, IJ-shape, wall thick, the mucous 
membrane of which consisting of 9 to 10 longi¬ 
tudinal folds and a net-work between them. 
Intestine short (the length being ca. 1.3 of d-^ 
a), the part corresponding to the duodcmum 
curving in shape U, broad, wall thin, the 
mucous membrane of which consisting of net 
work and transversal folds. Pyloric appendages 
rather long, arranged almost in a row, 11 in 
average number. 

Liver small, consisting of 2 lobes which 
appear almost 1, the left and right being ap¬ 
proximately the same size. The cardiac part of 
the stomach is on the ventral side. Gall-bladder 



Fig. 26. Salvelinus Ivucomaenis 
pulvius. Folds of mucous 
membrane of stomach. 
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rather large and spherical; bile duct short. The spleen, small, is located right 
next to Fundus ventriculis. 

B. Feeding Habits. 

With regard to the natural baits of the Iwana, in March and April 1928, 
Kuwayama (1929) collected quite a number of this fish (including the Ame- 
masu) in Nisihetu River, Kusiro, Hokkaido, and examined its stomach contents. 
He found that a large portion of the stomach contents contained larvae of 
aquatic insects, especially Tricoptera (Limnophilidae, Sericostomatidae, Lepto- 
ceridae, Philopotamidae, and Rhyacophilidae), in their larval stage came first 
insofar as quantity was concerned. He concluded his report by saying that 
attention should be drawn to the feeding habits of this fish which ate a large 
quantity of Tricoptera which was detrimental to rice*plants. In the summers 
of 1932 and 1933, Nisio (1934) also examined the stomach contents of the 
many samples he had collected in the up-stream of Sounkyo, Isikari, Hokkaido. 
He advocated the view that this fish was purely carnivorous in its feeding 
habits and fed chiefly on insect larvae and nests. At the time of his exami¬ 
nation, Coleoptera, Trichoptra, Diptera, Ephemeroptera, Hymenoptera, Plecop- 
tera, and Lepidoptera, etc. were found among the contents. 

In the summer of 1937, through the courtesies of Mr. T. Mizukami, I 
was able to examine the stomach contents of 15 pieces of this fish collected 
from a river in Kamibayasi, Nagano Pref., but as the results of this exami¬ 
nation were more or less the same as the foregoing, so I decided to omit 
them here. 


Family Plecoglossidae 


13. Plecoglossus altivelis (Temminck et Schlegel): Ayu. 
A. Digestive System, 



Fig. 27. Lower jaw of Pleco- 
f^jssus altivelis. 


Body moderately elongate, somewhat com¬ 
pressed. Mouth moderately large (m-c being 
ca. 1/2 and m-b ca. 1/3 of head length), 
slightly oblique upwards; lip of the upper jaw 
turns vertically down and the lip of the lower 
vertically up; upper lip slightly projecting than 
the lower. On the premaxillaries a few small 
conical pointed teeth; on the maxillaries and 
in the lower, jaw 14 sets of lamelliform, broad, 
comb-like teeth. Each tooth-band consists of 
about 15 tooth-like processes in a row. Buccal 
cavity small; Plica palatinae separate, wart-like 
process. No teeth on vomer but small ones 
on the palatines. Tongue very small, trian- 
guloid, tip not pointed, thin, free, with minute 
teeth, no melanin chromatophores (PI. Ill, Fig. 
10). The tongue-lappenso called by Matui 
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(1936), which locate at the front and both sides of the tongue well develop¬ 
ed. According to Matui, this consists of the epithelium connective tissue and 
muscular tissue. From my observation, what he calls the “ lateral tongue- 
lappen ” is the Musculi hypobranchiales. The pecularity of the jaw teeth and 
the existence of the tongue-lappen in the jaws of this fish are the two major 
points which differ from the other fishes. Teeth on the tongue and the 
pharyngeal bones are simply rudimentary. Gill-rakers short (the length of 
which being ca. 1/3 of corresponding gill-filaments), slender, set rather close 
together, 34 to 39 in number, flat, tips pointed, processes not developed. 



Peritoneal cavity rather large; peritoneum thin and black. Oesophagus 
moderately long, narrow, wall not thick, mucous membrane forming ca. 10 
longitudinal folds. Stomach V-shape, no blind sac; cardiac part longer than 
the pyloric part, the wall of the former being thinner than the latter. No 
valve between the oesophagus and the cardiac part of the stomach but con¬ 
trary to the former being narrow, the latter is wide. 

As for the mucous membranes of the stomach, both 
the cardiac and pyloric parts consist of about 8 
longitudinal folds, and between these folds there 
are many small papillae insofar as the cardiac part 
is concerned and many fine longitudinal folds as 
far as the pyloric part is concerned. Intestine short 
(the length being ca. 1.3 times as long as d—a), 
rather broad, the part equivalent to the duodenum 
making 1 big curve, wall thin, folds of the 
mucous membrane transversal. No difference be¬ 
tween the rectum and intestine. Pyloric appendages, 
a mass of short clusters, numbering 350 to 400, 
situated to the left of the stomach. 

Liver thick and rather small, 1 lobe, situated 
to the left of the stomach, and covers the front 
part of the pyloric appendages. Air-bladder large. 



Fig. 29. Plecoglossus altivc' 
Us. Folds of intestinal 
mucous membrane. 
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narrow at both ends, expanding at the middle. 

B. Feeding Habits. 

This fish is peculiar to Japan. It is a graceful fish, as well as being 
delicious in taste, and, from ancient times, has been a favourite among anglers. 
The habits of this fish attracted attention from olden times, and already in 
1715, Kaibara wrote in his “Yamato Honzo”, Vol. 13, p. 31, that the ayu 
in rivers with rocky and stony beds, lived on “ koke ” (water-moss) on the 
stones. At the end of the 19th century, Nawa (1891) said that the reason 
for there being so much diatoms in the stomach contents of this fish was due 
to their feeding on the water moss which was mixed with a large quantity 
of diatoms. In addition to this report, there is a report by Namie (1895) 
who said that this fish fed on small water plants and diatoms, as also b\ 
Tokuhisa (1908) and Onizuka (1915) who advocated the principal food of 
the ayu in the rivers Tama and Kuma respectively as being the diatom. All 
these people seem to b(‘hevc that this fish feeds princip*illv on vegetable food, 
such as the diatom. But Sumimiti (1912), w^ho examined the stomach contents 
of the ayu caught in ‘several dilh'rent rivers, asserted that the main food of 
this fish consisted of animal matter, and that vegetal matter, such as the 
diatom, got mixed into its food when it was ieeding. Higuiasi (1917) studied 
the food of the ayu in the Yodo River and expresseil the opinion that when 
it first entered th<' river it fed on insects, hut as it went upstream, it began 
to feed on vegetal niatt<*r oft rocks and stones. Inasumi (1932) maintained 
that the diatom, the staple food of the ayu, was a food which it could not d»> 
without, because the diatom contained a large poicentage of vitamin “ F/’ 
which gave that special smell to the meat of this fish. Also, Abe (1933) took 
up brielly the description of the natural iood of this lish in his book. 



Fig. 30. Stomach contents ol Plecoglmsus altivelis. (After Uocla and Okada;. 

A. Mainly diatoms. B. Mainly blue-green algae. 

All the foregoing reports discuss the food of the ayu on the merits^ of 
personal observation of those collected in 1 or 2 different localities or 
personal opinions formed resulting from these observations, but very recently 
Ueda and Okada (1934, 1935) completed a study of the natural food of this 
fish in all the localities of Japan and made 3 separate reports. Accord- 
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ing to their report, the main food of the adult ayu, that is, when it first 
enters the river, is the diatom and vegetal food, such as the blue-green algae, 
green and red algae, but the few that live in special places, that is to say, 
where there are no food such as those mentioned above, live chiefly on insect 
larvae. The young of this fish, while at sea, takes animal food, such as 
Copepocla, Cladocera and the like, but when it becomes a full size fish and 
enters the river, it switches over to herbivorus food, which is not only a well 
known fact but which 1 have ascertained personally with the young caught in 
the Odawa Bay, Kanagawa Prefecture, and w'hich has actually been studied 
by several biologists in the past. 

Family Osmeridae 

11. Hypomesus olidus (Pallas): Wakasagi. 

A. Digestive System. 

Body rather elongate, moderately compressed. Head rather pointed. 
Mouth moderate (m-c being ca. 1/3, m-b being ca. 2/9 of head length), slight¬ 
ly oblique, Minute teeth exist in jaws, and larger teeth grow in 2 series on 
vomer and palatines. Buccal cavity moderate; tongue large, long, thin, trian¬ 
gular, armed with numerous sharp teeth, free anteriorly. No pharyngeal 
teeth. Gill-rakers long (as long as corresponding gill-filaments) are slender, 
close set, tip rather pointed, 35 to 38 in number. 


t u 



Peritoneal cavity moderate; peritoneum black. Oesophagus short with 
thick wall, the mucous membrane consists in longitudinal folds. Stomach as¬ 
sumes U-shape, wall not thick, the mucous membrane of cardiac part consists 
in 10 series of papillae and that of pyloric part consists in common longi¬ 
tudinal folds (PI. VI, Fig. 6). Intestine short and rather wide, running almost 
straight at the right side of stomach towards the anus, the length of which 
being ca. 1 in d-^a, wall thin. Intestine is divided into the middle intestine 
and the return, the length of the former being ca. 4 times in the latter; 
there is a constriction between those two parts. F^loric appendages short 
and wide, located at the right ventral of the stomach, 5-6 in number. 
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Liver moderate and rather thick, 2 lobes, the left being much larger 
than the right; gall-bladder small, spherical. Ductus choledochus short. Air- 
bladder large, fusiform, anterior part of which communicates at the end of 
oesophagus. Spleen small, situates at the dorsal side of the cardiac part of 
stomach. 

B. Feeding Habits. 

Regarding the natural food of Hypomesus olidus, the Ibarakiken Fisheries Ex¬ 
perimental Station made the original report in the year 1910. Takayasu and 
others observed the stomach contents of those fishes which were collected 
from Lake Tofutu (1930) and Lake Yuto(1934) in Hokkaido, and found that 
the fishes in the former lake took mainly the copepods and Mysis and those 
the latter took principally Neomysis isaza. 

Lately, T. Miyauti collected 20 fishes every month from Lake Kasumigaura 
in 1933 and 1934, and examined their stomach contents. He ascertained that 
Hypomesiis olidus took mostly on such kinds of small animals, especially the 
planktonic Crustacea, as were found most abunduntly in the lake. Bosmina 
and Neomysis were numerous therein all the year round and took by the fish 
irrespective of the seasons. In 1931, by the courtesy of Mr. H. Sinohara, I 
was able to obtain 15 fishes from a bay of Sibotu Island, Tisima. Analysis 
of their stomach contents showed that they ate the planktonic Crustacea such 
as Calanus tenuicomis, Anonyx sp., Thysanopoda sp. 

Family Salangidae 

15. Salangichthys microdon (Bleaker): Sirauwo. 

A. Digestive System. 

Body elongate, compressed; snout somewhat pointed and depressed. 
Mouth not large (m-c being ca. 5/16, m-b ca. 2/7 of head length). Teeth in 
jaws numerous, very small, conical. Rudimental teeth on palatines, but none 
on vomer. Buccal cavity depressed; tongue large, rectangular, rather thick, 
free, smooth, no melanin chromatophores. Gill-rakers rather long (as long as 
corresponding gill-filaments) and slender, tips pointed, 16-18 in number. No 
pharyngeal teeth. 


a.b 



Fig. 1^2. Salangichthys microdon. 


Peritoneal cavity long, a few melanin chromatophores scattered in perito- 
nium. Digestive tract runs almost straight from oesophagus to anus, and 
intestine twice the width of stomach, there is a valve between stomach and 
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intestine. Stomach being ca. 1/2 of the length of intestine, wall of which 
rather thick, the mucous membrane consists of 9 longitudinal folds. Intestine 
short (as long as d^-^a), decreases its width toward anus, the mucous membrane 
consists of distinct transversal folds. Boulenger (1922) stated in his book (p. 
566) that the fishes belonging to the family Salangidae had siphonal stomach 
and had no pyloric appendage. 

IJver moderate in size, thick, consists of symmetrical 2 lobes, the cross 
section of which assumes U-shape. Air-bladder fusiform, Ductus pneumaticus 
opens at the end of stomach. 

B. Feeding Habits. 

According to the report made by Wakiya and Takahashi (1937), the food 
of Salangichthys consists of Micro-crustacea. 

Family Synodontidae 

16. Savrida undosqnamis (Richardson): Maeso. 

A. Digestive System. 

Body moderately depressed. Upper jaw a little longer than the lower. 
Mouth large (m-c being ca. 2/3, m-b ca. 2/5 of head length); teeth in jaws 
small, conical and pointed, arranged irregularly 2 or 3 rows; vomer and 
palatines armed with similar teeth. Buccal cavity not large, depressed, tongue 
very small, thick, triangular, teeth which are smaller than those in jaws grow 
in 4 rows, each row contidns ca. 18 teeth on the upper surface. Teeth on 
upper and lower pharyngeal b(mes are shorter than the jaw teeth. So-called 
gill-rakers not develop, and represented by a few small group of setae. 



A 
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Peritoneal cavity rather large; peritoneum thin, rich in melanin chromato- 
phores. Oesophagus short, wall thick; stomach i-shape, blind sac long tube, 
cardiac part short and pyloric part shorter; the wall of stomach is so thick 
that it stands fully for the enlargement. Intestine short, rather narrow, runs 
almost straight from duodenum to anus at the right side of the blind sac, 
wall moderately thick, the mucous membrane consists of double branched folds. 
Pyloric appendages consist of about 20 flat bunches arranged in 1 row, 
closely set, covered with a membrane. According to Matsubara (1938), the 
pyloric appendages of Genus Synodus (the fishes nearly related to the above 
mentioned species) are separated, as in the case of many other fishes. 

Liver rather thick, consists of 2 lobes, the left one being a little longer 
than the right; gall-bladder spherical, located at the boundary between those 
2 lobes; Ductus choledochus short. Air-bladder absent. 

B. Feeding Habits. 

Judging from the results of my experiment (See Table 7), we can with 
a certain degree of probability reckon that this species is voracious carnivora. 


Table 7 
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Family Myctophidae 

17. Dasiscopelus spinosus (Steindachner): Ibarahadaka. 

A. Digestive System. 

Body elongate, a little compressed (with photophores). Mouth large (m-c 
being ca. 4/7, m-b ca. 2/5 of head length), somewhat oblique upwards. Seti- 
form teeth grow in narrow band in jaws; no teeth on vomer and palatines. 
Buccal cavity large; tongue absent. Gill-rakers long (the length being ca. 3/2 
of corresponding gill-filaments), flat, tips pointed, grow thickly, J8 to 20 in 
number, process numerous. 

Peritoneal cavity moderate in size, peritoneum black. Oesophagus short 
with thick wall, the mucous membrane consists of 6 to 7 longitudinal folds. 
Stomach moderately large with thick wall, Y-shape; blind sac small and pyloric 
part moderate in size, the mucous membrane of stomach similar to that of 
oesophagus. Intestine not long (the length being ca. 1.3 times d--.^a), turns 
once in r-shape, wall thin and black, the mucous membrane consists of papil¬ 
lary processes. Pyloric appendages rather long, 9 in number, situated at the 
left of stomach. 


ii 



Fig. 31. Dasibi’opelus apinnsus. 


Liver situates under the stomach, consists of a large right lobe and a 
small left one; gall-bladder small, spherical. Air-bladder fusiform, the posterior 
end of which communicates to the oesophagus. 

B. Feeding Habits. 

In the summer of 1931, during the voyage of fishing for honito, 1 caught 
25 of these adult fishes at night, about 200 miles off the coast of Tyosi. They 
had taken fully the schizopods in their stomachs. 

Family (’yfrinodontidae 

18. Aplocheilm latipes (Temminck et Schlegel) : Medaka. 

A. Digestive System. 

In regard to the special method of examining the digestive system of 
this fish, I have already written regarding it. 

Body small, rather elongate and compressed; head short, broad, upper 
surface flat. Mouth rather pointed, small (m-c being ca. 1/16, m-b ca. 
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1/4 of head length), slightly oblique, upwards; lips rather thick. Teeth in 
the jaws few and minute but sharp. Buccal cavity moderately large. Plica 
palatinae consist of small papillae. Tongue very large, rectangular, almost 
triangular at the tip, moderately thick, free, no melanin chromatophores, 
translucent, surface not smooth. Gill-rakers closely set, short (the length of 
which being ca. 1/3 of corresponding gill-filaments), tips rather pointed, the 
number of which ca. 19. 



Peritoneal cavity large; peritoneum silvery. Oesophagus short, with rather 
thick wall. Stomach U-shape (although there is no clear distinction between 
the stomach and the intestine, the stomach is a rather thick, U-shape tube, 
while the intestine is a tube trifle narrower than the former), wall thin, no 
blind sac. Intestine broad and fairly long (the length being ca. 5 times 
o--a), and so curious in the way it winds, to let alone the curiousness of 

the intestine of Engraulis japoniciis. 
As shown in the illustration, it is the 
result of the intestine running in a 
series of waves curling over an im¬ 
aginary line running longitudinally 
from front to back, that is, the high¬ 
est part of the wave curls down while 
the lowest part curls up. At a glance 
it seems to be a coiling, but upon 
closer observation, it will be seen, as 
explained above, that it curls up in 
a peculiar way of its own. 

Wall of the intestine very thin; 
mucous membrane indistinctly wavy, 
transversal folds. Pyloric api)endages 
absent. Liver, consisting of I lobe, 
situated at the ventral side of the stomach. 

As regards the digestive tract of this fish, Okamoto (1918) wrote a report 
on it sometime ago. He pointed out the difficulty of distinguishing the stomach 
and the intestine, but said nothing about the peculiar type of winding of its 
intestine. However, Cuvier in his “Histoire naturelie des poissons ”, Vol. 18, 
p. 110, wrote about the intricate windings of the intestine of Fundulus caeni- 
catus. There are several persons who made a 'study of the digestive system 
of Fundulm^ but I shall not mention them here. 

B. Feeding Habits. 

This fish, which has its habitat in rivers, generally goes schooling in 
pursuit of food near the surface of the water. In July and September of 
1936, I collected a total of 37 fishes in a river in Ogikubo, Tokyo, and 
upon examination of their stomach contents, I found that their main food was 
either blue-green algae or planktonic Crustacea, although, if compared, there 
was more of the former. As for the feeding habits of Fundulus, 1 have al¬ 
ready stated that they were being studied with those of Gambsia as to wheth- 


Fig. af). Aplacheilus latipes^ 


Fig. 36. ApUtcheilus lalipes. 
winding. 


IntosHnal 
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er or not it took larval mosquitoes which were the medium of malaria. 

Family Siluridae 

19. Parasilurus asotus (Linne): Namazu. 

A. Digestive System. 

Body spindle-shape, anteriorly depressed and posteriorly compressed. 
Mouth large (m-c being ca. 2/7, m-b ca. 2/S of head length), directed 
obliquely upwards; the lower jaw being longer than the upper. 1 eeth in both 
jaws in broad villiform bands, and 
those on the vomer in broad conti¬ 
nuous ; maxillary barbels long, 2 
in number. Barbels of catlish are 
most common among the barbels of 
fishes and naturally have been more 
popular as an object of study, and 
such scholars as Wright (188 Ij, Her¬ 
rick (1901, 1903) and Olmsted (1918) 
studied the bai'bels of foreign catfish, 
while Atoda (1935) those of Japanese 
catfish. Mouth cavity large; tongue 
large, semi-circular, thick, free anteri¬ 
orly, the surface folded, no melanin 
chromatophores. Upper pharyngeal 
teeth large and the lower small, both 
of which being closely set. Gill- 
rakers short (the length being ca. 1/5 
of corresponding gill-filaments), tips 
pointed, very coarse, 11 to 13 in 
number (PI. IV, Fig. 3). 

Peritoneal cavity large; no 
melanin chromatophores on the perito¬ 
neum. Oesophagus very wide with 
a thick wall, mucous membrane con¬ 
sisting of about 30 fine longitudinal 
folds. Stomach large, I-shape, wall 
thick, mucous membrane constituting 
of 8 longitudinal folds; pyloric part 
and blind sac both rudimentary, with valve dividing the stomach (pyloric 
part) and the intestine. 

Although of the same family Siluridae, Parasilurus has a stomach but 
Plotosus in the next chapter has not, which is worthy of note. Duodenum 
wide; intestine very narrow; the length of the duodenum plus the intestine, 
being about 3 times d-^a. Wall of intestine thick, mucous membrane consist¬ 
ing of somewhat zigzag longitudinal folds with numerous transverse folds 



Fir. 37. Parasilurus asotus. A. Digestive 
tract. Ventral side. H. Mesentery. 
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between them. As illustrated, the intestine makes numerous short turnings; 
mesentery rather thick and wall developed. No pyloric appendage. 

Liver rather large, consisting of a large left lobe and a small right lobe, 



Fig. 38. Plotosus angiitllaris. A. Jaw- 
teeth. B. Digestive tract. Ventral 
side. 


covers the anterior part of the stomach from 
above; gall-bladder rather large, spherical; 
bile and cystic ducts both very short. Spleen 
thin, situated more or less near the end of 
the intestine. Air-bladder large, sack-like, 
wall thick. 

B. Feeding Habits. 

It is well known that this fish is vora¬ 
cious and likes to live in shadowy spots. In 
October 1934,1 obtained 14 of this fish from 
Kasuraigaura, Ibaraki Prefecture, 8 of 
which had empty stomachs but the rest 
showed having eaten small fishes and shrimps. 
“ Pokan-zuri ” is done by baiting the line 
with live frogs and tapping the surface of 
the water, which method of fishing is in line 
with the feeding habits of this fish. 

20. Plotosus anguillaris (Lacepodc): Gonzui. 
A. Digestive System. 

Body elongate, compressed. Head large, 
broad, depressed. Mouth very wide (m-c 
being ca. 1/8, m-b ca. 1/2 of head length); 
upper jaw produced and mouth opens some¬ 
what downward. Teeth in jaws few and 



Fig. 39. Plotosus anguillaris. Folds 
of mucous membrane of stomach. 


rather large, cylindrical, grow coarse in 3 
to 1 rows; simiW teeth exist on vomer and 
palatines. Lips rather thick, fleshy and with 
small laminated folds or papillae. Sato 
(1937) found that this fish possesses 8 
barbels about the mouth with the same 
form and structure as the foregoing species, 
and among the epidermal cells of the barbels, 
the cutaneous taste-buds were imbedded. 
By the experimental observations in an aqua¬ 
rium, he found that the barbels of this 
fish useful for finding its food, as in the 
cases of the above-mentioned fish and the 
Japanese goat-fish, Upenoides bensasL 
Buccal cavity large; tongue large, semi¬ 
circular, the size closely resembling that 
of the foregoing species, thick. Pharyn¬ 
geal teeth subsimilar to those of jaws, grow 
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in a pair of duster on the upper and lower pharyngeal bones. Gill-arches much 
bent, gill-rakers moderately long (a little shorter than corresponding gill- 
filaments), not slender, tips somewhat blunt, grow rather closely, the number 
of which ca. 23. 

Peritoneal cavity large; peritoneum grey. Oesophagus short and wide, 
wall thick, the mucous membrane consists of ca. 30 longitudinal folds. Stomach 
absent: intestine succeeds directly to oesophagus. The beginning of intestine 
bulgy, and apt to be taken for the stomach; melanin chromatophores scatter¬ 
ed in this part. Intestine generally broad and turns snaky 6 to 7 times from 
side to .side; rectum rather long and wide; the mucous membrane of intestine 
consists of about 7 rows of papillary processes. The length of the digestive 
tract including the oesophagus, the intestine and the rectum beiug ca. 2 to 
2.5 times o^a. Pyloric appendage absent. 

Liver small, 2 lobes, located at the lower part of the beginning of the 
intestine. Gall-bladder moderately large, spherical; bile-duct short, opens at 
the beginning of the intestine. A pair of spleen (large and flat) located at 
the dorsal side of the digestive tract. Air-bladder large, squre in shape, wall 
thick. 

Cuvier and Valenciennes describe in their book (Vol. XV) on the digestive 
tract of Plotosus lineatvs that it has no stomach, and its intestine makes the 
serpentine winding, 

B. Feeding Habits, 

1 examined the stomach contents of 27 fishes which were caught from 
Koaziro Bay near the Misaki Marine Biological Station, Kanagawa Pref.. 
The contents consisted of mainly the eggs of some fishes and cuttle-fishes, 
and the spores of sea-weeds, etc. According to Sato (1937), this fish is a 
bottom and nocturnal feeder. 


Family Cyprinidae 

21. Gnathopogon caerulescens (Sauvage): Moroko. 

A. Digestive System. 

Body elongate and compressed. Head rather pointed; mouth small (m-c 
being ca. 1/5 of head length, m-b a little longer), slightly oblique upwcirds. 
A pair of barbel short. No teeth on jaws, vomer, palatines and tongue. 
Buccal cavity rather small; tongue small, triangular and long, not free, mucous 
membrane which covers the tongue thick with curved transversal folds, n<» 
melanin chromatophores. Pharyngeal teeth 2-rowed, conical processes (or teeth) 
grow on their grinding surface. Gill-rakers very short (the length being ca, 
1/6 of corresponding gill-filaments), tips pointed, grow coarse, 22 in number. 

Peritoneal cavity moderately large, peritoneum silvery mixed with large 
melanin chromatophores. Oesophagus broad and rather long, clearly distin¬ 
guished from the intestine succeeding it by the folds of their mucous mem¬ 
branes: the former assumes genuine longitudinal folds, while the latter longi¬ 
tudinal zigzag ones. Stomach absent (this is one of the special characters of 
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sp 




the Cyprinoid fishes). Intestine narrow, 
rather short (the length being ca, 3/2 of 
o--a), bends twice, viz. N-shape, wall 
rather thin. No pyloric appendage. 

Liver takes more or less the irregular 
form, not mixes with pancreas; spleen 
small, located near the second bending 
part of intestine. Air-bladder large, dumb- 
bell-shape, pneumatic duct starts from the 
middle part of the air-bladder and com¬ 
municates to the end of oesophagus. 

B. Feeding Habits. 

, According to the report made by 
Meguro (1934), this fish takes usually the roots of water-plants, small shrimps 
and insect larvae, etc., viz. omnivorous. 

22. Sarcocheilichthys variegatus (Temminck et Schlegel) : Higai. 

A. Digestive System. 

This fish closely resembles in the form of the digestive system the 
above-mentioned species, yet there are some differences between the two 
species as follows: — head bluntly pointed; pharyngeal teeth 4 to 5, arranged 


Fig. 41. Gnathopogon caerulescens. 
Folds of mucous membrane of intestine. 



Fig. 4Z. Sarcocheilichthys variegatus. 







A STUDY ON THE DIGESTIVE SYSTEM AND FEEDING HABITS OF FISH 75 


in 1 -row; gill-rakers a little shorter, 7 in number; intestine a little longer 
(the length being ca. 5/3 of o--a). 

B. Feeding Habits. 

Regarding the food of this fish, it is evident from the study which the 
Sigaken Fisheries Experimental Station (1928) made of the stomach contents 
of the fish collected from the lake Matubara, Siga Prefecture, that its main 
food consists of small animals, such as the larvae of Trichoptera or Plecoptera, 
the adults of Coleoptera, some shrimps and small vegetables, such as the 
diatoms. 

23. Tribolodon kakonensis (Gunther) : Ugui. 

I have already made a report (1934) on the digestive system and the 
f(»eding habits of this fish. 

A. Digestive System. 

Body elongate and compressed. Mouth moderately large (m-c being ca. 
2^7 of head length, m b approximately the same size), curving, slightly up¬ 
wards : maxillary prolractik^; lips fleshy. No teeth on jaws, vomer, palatines 
and the tongue. The shape and size of the tongue about the same as those 
of the 2 foregoing species. 2 rows of pharyngeal teeth with grinding surface. 
Gill-rakers short (the length being ca. 1/3 of corresponding gill-filaments), 
flat, slightly curved, tips pointed, coarse, 9 to 12 in number. 







Fig. 43. Tribolodon hakonensts 


Peritoneal cavity moderate; peritoneum pale grey with a few melanin 
chromatophores. The digestive tract consists of short oesophagus and a rather 
short intestine. No stomach. The length of the intestine is nearly 2 times 
o--a which winds in the shape of an N. The mucous membrane of the 
oesophagus consists of longitudinal papillae, while that of the intestine is of 
zigzag longitudinal folds; wall thin. 

The liver not takes so irregular form as those of carp and crusian carp, 
consisting of 2 lobes. The air-bladder and gall-bladder possess fully the charac¬ 
teristics of those of Cyprinidae. 

B. Feeding Habits. 

Aside from the examination I made of the stomach contents of this fish, 
the Gihuken Fisheries Experimental Station had already published a report in 
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Table 8 

Stomach contents of Tribolodon hahonensis 
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1928, and so I shall make a review of the results of these studies in table- 
form, as follows: — 

In addition to the foregoing, Yosinaga (1913) stated that the Ugui of the 
Kagami River, Koti Prefecture, ate the eggs of the trout, whereas Takayasu 
and others who obtained their material from Tofutsu Lake and Akan Lake 
(1930), reported that the 2 specimens (19 cm in average body length) from 
the former ate Mysis and the 20 fishes (17.5 cm in average body length) 
from the latter took Daphnia, water-mosses and shell-fishes. And further, 
according to Seiisi (1935), the Ugui found near the Yamaguti Reservoir is 
known to take pupa or the larvae of Chironomidae and Leptocerus. It will 
be seen from the data given above that this fish is both voracious and 
omnivorous. 

24. Carassius auratus (Linne): Huna. 

A. Digestive System. 

Rody oblong, compressed. Head short, compressf^d. Nostrils 2, very 
close together. Mouth small (m-c being ca. 1/5, m-b ca. 2/7 of head 
length), slightly oblique upwards; upper jaw more or less protrusile: lips 
moderately thick, upper lip being twice as thick as the lower; no barbel. 
Teeth absent on jaws, vomer, palatines and tongue. Buccal cavity mf'dium 
size; tongue rather small, triangular, not free, the mucous membrane of which 
consisting of hooked transversal folds, no melanine chromatophores. Upper 
and lower pharyngeal teeth well developed, there being 2 rows of the upper, 
each row consisting of 1 elliptic teeth, and 1 rhombic lower tooth, big 
and strong. It would seem that both the upper and lower teeth serve their 
purpose of grinding food very well. Gill-rakers long (the length being ca. 5/1 
of corresponding gill-lilaments), broad, tips rather pointed, grow thickly, about 



Fig. 44, Carassius aumtus, A. Gill-rakers. B. Ix)wer pharyngeal teeth. 
C. Upper pharyngeal teeth. D. Digestive tract. 
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100 in number, processes on a gill-raker about 25; gill-arch, curving gradually 
and does not bend. 

Peritoneal cavity not large; peritoneum black. Oesophagus and the other 
parts succeeding it may be distinguished only by the difference of their folds 
of the mucous membrane, the former consisting of longitudinal parallel folds, 
while the latter are longitudinal zigzag ones (PI. IX, Fig. 5), there being no 
difference between the stomach and the intestine. Intestine extremely long 
(the length being ca. 11 times of O'-a). It must be borne in mind, however, 
that the length of the intestine of this fish varies considerably, especially in 
the case of gold fishes which developed from this fish, wall thin. The intes¬ 
tine winds in a very characteristic way, and as illustrated, Nature has so 
arranged this long intestine so that it may be tucked neatly into the limited 
peritoneal cavity. It winds back and forth several times and coils up at the 
front part. No pyloric appendage. 

The liver takes the irregular form, fills up the spaces made by the 
intestinal tract; pancreas not diffuses in the liver. The air-bladder takes after 
the air-bladder of Cyprinidae, i. e., big and dumb-bell-like. Ductus pneumalicus 
opening at the end of the oesophagus. 

The digestive tract of this fish is described in the text books written by 
Cuvier and Valenciennes jointly, and Meckel in which they all point out the 
similarity of this intestine with that of the carp. But I have to say that it 
is <iuite different. (Reference “ The Digestive System of the Carp ”, following 
this text), 

B, Feeding Habits. 

This fish is omnivorous and resembles the feeding habits of Tribolodon 
hakonensis, regarding which I have already written. The crucians, 7 to Idem 
in body length, which I had collected in May 1935 at Kasumigaura, Ibaraki 
Prefecture, had taken, I found, chiefly insect larvae, roots of plants and 
Crustacea, etc. 

25. Cyprinus carpio (Linne): Koi. 

A. Digestive System, 

Body compressed ; head medium size; mouth rather small (m e being ca. 
2/11, m-b ca. 1/1 of head length); upper jaw a little shorter than the 
lower, more or less protrusive; lips rather thick. No teeth on jaws, vomer, 
palatines, and tongue. 2 pairs of barbels on the upper lip, the front pair 
being about 4 times as long as the one behind it. Buccal cavity moderately 
large; folds of palatal mucous membrane at the front part are transverse 
folds close together, while those at the back are longitudinal folds. Tongue, 
although medium in size, is covered wdth a rather thick mucous membrane and 
consequently cannot be found at a glance. However, the mucous membrane 
where the tongue is covered rises somewhat and has on it quite large papillary 
processes. As regards the pharyngeal teeth of the carp (or cyprinoid fishes), 
tfiey have been studied from times back by many scholars; commencing with 
the studies of Jurine (1821), Molin (1850), Hoppe (1894), Fack (1899), Gracianov 
(1900), Cerkasov (1903), Leonhardt (1903), Haempel (1907), Shepherd (1910- 
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1914), Stoss (1921) and Linden (1921), we have the work of Chu (1935) 
which is a very complete study of its kind. In p. 158 of his report, he 
writes: “ Pharyngeals rather short and broad, the width about 3 in the length. 
Anterior limb much shorter than posterior. Pitted surface rather widely ex¬ 
panded, broadly continued in front of the anterior angle to the tip of the 
anterior limb. Anterior angle triangular, moderately produced, opposite an¬ 
terior margin of second tooth ; posterior angle obsolete. Anterior edentulous 
process depressed, broad at base and pointed at tip, slightly longer than the 
dentigerous surface: posterior edentulous process laterally compressed, about 





Fig. 45. Cyprinus carpio. A. Pharyngeal teeth. B. Digestive system. C. Panereas. 

as long as the dentigerous surface, with the tip obliquely truncate, very slight¬ 
ly twisted outward. Pharyngeal teeth 3-rowed, 1, 1, 3/3, 1, 1, all flattened 
and molar-like. Excepting the first tooth of the main row, which is an immense 
crushing molar, smooth on the surface, all other teeth have the surface pro¬ 
vided with transverse grooves. A rather prominent body plate behind the 
last tooth of the main row. A similar but smaller and more rudimentary 
ridge behind the tooth of each of the outer two rows.” Everyone is acquaint¬ 
ed with the fact that the pharyngeal teeth are an important index to the 
classification of Cyprinidae. Gill-rakers coarse, not long (the length being ca. 
2/5 of corresponding gill-filaments), tips blunt, about 18 in number, processes 
on a gill-raker about 15. 

Peritoneal cavity rather large, melanin chromatophoras scattered in the 
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peritoneum. Oesophagus broad and short, the mucous membrane of which 
being longitudinal folds. There is no stomach histologically, but there is a 
broad tube which corresponds to the stomach, the wall of this portion being 
thick. This curves in the shape of a IJ and, making 1 turn, connects 
with a narrow tube which corresponds to the intestine (the part succeeding 
the oesophagus being, of course, the intestine). The intestine, as illustrated, 
is much shorter (the length being ca. 4 times o^fx) and simpler in the way it 
winds (there being 5 windings) than that of the crucian, about which I have 
already discussed. The folds of the mucous membrane are typical double net¬ 
work and differ from those of the previous species (PL X, Fig. 12). No 
pyloric appendage. 

Regarding the digestive tract of this fish, there are studies by Cuvier 
and Valenciennes {1828-1849), Rathke (1820-1825), Susta (1888), Knauthe 
(1897), Pictet (1909), Jacobshagen (1911), Okamoto (1917), Sakura (1921) and 
Klust(1934), who all agree on the absence of a stomach in this fish. Jacob¬ 
shagen, who made a thorough and detailed study in this connection, said that 
the intestine of this fish would 5 times as long as the body length, which 
coincides, I am happy to say, with the results of my studies. There is, how¬ 
ever, one point to which I would like to draw my readers’ attention, and that 
is, the scholars who had hitherto engaged themselves in this branch of study, 
stated that the intestine of the carp and the crucian was very much alike, but, 
according to my investigations, I am definitely of the opinion that the type of 
winding, as also the folds of the mucous membrane, of the two intestines arc 
quite different. As for the malformation of the intestine of this fish (there 
being 2 anuses), there is a study, worthy of note, by Staff (1915). 

Liver with the pancreas, takes th^ form of hepatopancreas. Gall-bladder 
large, green, bile-duct opening at the beginning of the stomach-like part. 
Spleen situated on the ventral side of the stomach-like part. Air-bladder al¬ 
most the same as that of the previous species. 

B. Feeding Habits. 

Hitherto the carp was thought of as a herbivorous fish, but Susta (1888) 
who is known for his study of the carp, found, after careful observation of 
the stomach contents of this fish, that although this fish fed chiefly on small 
animals which are found near the banks of lakes or at the bottom and vege¬ 
table matter, it also took the plankton, for instance the copepods. Scheffelt 
and Schweizer (1926) studied the carp of Lake Boden and said that the food 
of this fish consisted mainly of coastal small animals, shell-fishes and molluscs 
at the water-bottom, while Contag (1931) said that the food of the carp was 
chiefly insect larvae and copepods. From the studies of these 3 people, 
it might be said that this fish was “carnivora akin to omnivora”. There is 
however an interesting statement by Nordgvist (1928), in which he said that 
this fish took organic matter for its principal food. According to Knauthe 
(1896-1901), a well known scientist on carp-culture, carps go after food most 
energetically in a water-temperature of 23-25°C. Supine (1911), Bade (1930) 
and a few others say that when the temperature drops below TC. in winter, 
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it stops taking food. 


Family Cobitidae 

26. Misgumus anguillicaudatus (Cantor): Dozyo. 

A. Digestive System. 

Body elongate, compressed, Snout long, obtuse, rounded and produced ; 
mouth inferior, moderately wide (m-c being ca. 1/16, m-b ca. 1/4 of head 
length), with thick fleshy lips; of the 10 barbels, 4 are in the lower jaw, the 
4 being much shorter than the other 6. Buccal cavity moderate; Plicae 
palatinae consist of longitudinal folds. Tongue large, not free, rounded, and 
smooth. No teeth on the jaws, vomer and palatines. Pharyngeal teeth exist 
but small. Gill-rakers very short, tips pointed, coarse, 13 in number (PI. IV, 
Fig. 2). 

Peritoneal cavity rather large; peritoneum with melanin chromatophores. 
Digestive tract runs almost straight from the oesophagus to the anus. Oeso¬ 
phagus a rather long, narrow tube. The first 1/4 of the digestive tract is the 
stomach. It is a little thicker than the intestine succeeding it; cylindrical, 
vs^all thick; folds of the mucous membrane like the face of a towel (PI. VI, 

Fig. 9). The duodenum succeeding it has the thickest wall of the entire 

intestinal tube and coils up counter-clockwise 2 to 2.5 times. The intestine is 
a straight, broad tube, with a very thin wall but very elastic; folds of the 
mucous membrane not well developed, the interior of the intestine therefore 
being flat (PI. IX, Fig. 1); blood vessels densely distributed on the surface. 
Pyloric appendage none whatever. 

Okamoto (1917) studied the digestive tract of this fish and said that it 
had no stomach. Contradicting this statement, Hukuda (1922, 1923), who 
studied the digestive tract of this fish in detail histologically, not only recog¬ 
nised the existence of its stomach but said that it obtained its nutrition chiefly 
from the duodenum, w^hile the intestine principally did the work of respiration. 

The fact that this fish breathes with its intestine, as well as its gills, is a well 

known fact. In this connection, there are studies by Erman (1808), Edinger 
(1876), Lorent (1878), Babak (1907), Babak and Dedek (1907), Calugareanu 
(1907), Minobe (1924), Busnitza and Menkes (1931) and Suyehiro (1933). 

Liver large, 2 lobes, the right lobe being larger: gall-bladder spherical, 
rather large, and located in the middle of the right liver. Ductus choledochus 
opens to the beginning of the duodenum; spleen large, located at the margin 
of the right liver. First vertebra swells like capsule, and a dumb-bell-shaped 
air-bladder encloses in it (Fig. 46, D, E). 

B. Feeding Habits. 

From June 1931 to February 1932, Mr. F. Isikawa, of the Tutiura 
Branch of the Ibarakiken Fisheries Experimental Station, send me some loaches 
in formalin solution collected in the paddy-fields of Hirano, not far from the 
City of Tutiura, once every month, and I examined their stomach contents. 
As the result of my examination, as shown in the Table 9, I found that the 
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Table 9 


Stomach contents of Misgurnus angiiillicaudatus 
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principal food of this was insect larvae, or small Crustacea, taken with mud, 
and that during the summer season, they had a large appetite and took a 
large quantity of food, whereas from autumn to winter, they did not eat so 
much. The digestive tracts of those 1 had examined were not, in the majority 
of cases, overstaffed, nor were the intestines particularly stuffed with food. 
This. I believe, was due to the peculiar habits of this fish, that is, it connects 
with the intestinal respiration of this fish. I myself do not think that this is 
a very voracious fish, but in the newspaper cirticle by Araki (1925), who 
wrote on the aquatic culture of loaches, the pamphlet (1929) issued by the 
Agricultural Department of Nagano Prefecture and the book of Bade (1930) 
it is so stated. 

27. Cobitis biwae (Jordan et Snyder): Simadozyo. 

A. Digestive System. 

This species is much smaller in size and the body more compressed than 
the previous species. There is, however, not much difference in the digestive 
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system, except that the present species has 6 barbels (all long) while the 
previous species has 10, and that the duodenum of the latter made 2 coils 
whereas the former neither coiled nor wound. 

The liver, especially the left lobe, 
is a little larger than the previous 
species. The rest being almost the 
same as previous species, I shall not 
go into details. 

B. Feeding Habits. 

As the present species is found 
in cleaner bottoms where there are 
sand and mud and more running 
water than the foregoing species, 
which has its habitat in muddy bot¬ 
toms where the water is very shallow 
and dirty, the 2 species differ some¬ 
what in their feeding habits. How¬ 
ever, from my examination of those 
collected on June 20, 1931 and Feb¬ 
ruary 20, 1932, I found that there 
was little difference in the food which 
they took although perhaps the pre¬ 
sent species had taken more Cyclops 
than the previous species. 





Family Anguilidae 


28. 


Fig. 47. Cohitis hiwae. A, Mead. B. Pharyn¬ 
geal teeth. C. Digestive tract. 


ed. 


A. 


Anguilla japonica (Temminck et 
Schlegel) : Unagi. 

Digestive System. 

Body elongate, compressed behind. 
Head long, conical, moderately point- 
Mouth cleft large (m-c being 1/4, m-b ca. 5/16 of head length); lips 


rather full, with a free margin behind, attached by a frenum in front; lower 
jaw longer than the upper. Teeth in jaws small, hinged, subequal, conical, in 
3 or 4 rows. Mouth cavity moderately large; folds of the palatal mucous 
membrane longitudinal; vomer armed with a long patch of small teeth. Pharyn¬ 
geal teeth very minute. No gill-rakers whatever. 

Peritoneal cavity slender, the transection of which almost a circle; a 
distribution of melanin chromatophores on the peritoneum. Oesophagus rather 
long and narrow, pinkish, wall thick, mucous membrane of the anterior part 
longitudinal folds, the posterior part changing to small papillae. Stomach Y- 
shape, peculiar to Apodes; blind sac, long, stretches along the intestine, wall 
rather thick; the length of the blind sac, the cardiac part and the pyloric 
part being in the order given. Mucous membrane of the cardiac part consists 
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of about 10 parallel longitudinal folds: the blind sac of transversal folds in 
addition to longitudinal folds (PL VII, Fig. 12) ; and the pyloric part of 
longitudinal zigzag folds (about 8). Intestine, almost a straight line, con¬ 
sists of a rather thick duodenum, a middle intestine and a rectum. The 
posterior part of the middle intestine has an inclination to make short turns 
as shown in Fig. 48, B (the turns being less distinct in the case of Congridae 
and other fishes that belong to Apodes). The middle intestine is separated 
from the rectum by a valve inside. Wall of intestine thick ; mucous membrane 
of the rectum practically even, the remainder of the intestine being net-work 
as shown in PL XI, Fig. 17. No pyloric appendage. 

n 



Fig. 48. Anguilla japonica. A. Gill. B. Digestive tract. C. Boundary 
between stomach and intestine. D. Liver. 


Liver rather large, very thick, 2 lobes, the left lobe being large and the 
right small. Impressions of the oesophagus and gall-bladder distinct. Gall¬ 
bladder very large, almost spherical, close to the' duodenum; bile and cystic 
ducts both being very short. Pancreas distributed between the stomach and 
intestine and other places, yellowish, and may be distinguished macroscopically 
from fat. Islets of Langerhans not isolated. Spleen located at the crotch^ of 
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the Y*shape stomach. Air-bladder spindle-form, wall thin. Ductus pneuma- 
ticus rather long, opens to the oesophagus. 

Rudolphi (1802) and Cuvier (1809) have already made a report on the 
digestive tract of Anguilla. Jacobshagen (1911) spent much time, studying it 
in detail. However, as these studies were conducted on foreign eels, 1 shall 
not go into the details of their report. Sakura (1920, 1928) wrote a detailed 
and excellent report on Japanese eels. He made a macroscopic and micros¬ 
copic study of their organs. 

B. Feeding Habits. 

Higurasi (1914) says that natural eels feed on small fishes, shrimps, shell¬ 
fishes, etc. According to Marukawa (1915) who made a thorough study of 
eel-food, this fish will eat anything if of animal matter: hence fishes, insect 
larvae, shell-fishes, worms, etc., etc. It eats principally at night and will not 
take food unless the water is above 14"C. It will not eat either if it is too 
warm. 


Family Congridae 

29. Astroconger myriaster (Brevoort) : Maanago. 

A. Digestive System. 

Body elongate, formed as in Anguilla, Head depressed above, anteriorly 
pointed. Mouth wide, its cleft extending to below the middle of eye; lower 
jaw included. Teeth in each jaw small, 2 rowed at sides, those of outer 
row somewhat larger, subequal, close-set, but without larger canines. Mouth 
cavity large and horizontal; teeth on vomer small, similar in form to those of 
jaws, in short band ; tongue moderately large, thin, elliptic, free anteriorly, 
smooth, no melanin chromatophore (PI. Ill, Fig. 11). Gill-rakers exist almost 
rudimentary. No pharyngeal teeth. 

Peritoneal cavity elongate; peritoneum racks melanin chromatophore. 
Oesophagus rather short, wall thick, the mucous membrane consists of longi¬ 
tudinal folds. Stomach large and elongate, Y-shape; cardiac part elongate, 
blind sac more elongate and the tip rather pointed, pyloric part very short, 
somewhat oval; wall of stomach rather thick, the raucous membrane consists 
of longitudinal serpentine folds. 

Intestine short (the length being about 1.2 times d—a), runs almost 
straight, but the posterior part shows characteristic short turnings. (Jacobshagen 
(1911) observes the similar fact in the case of Conger conger ); the wall rather 
thick, the mucous membrane consisting of small papillae and making its 
appearance the face of a towel (PI. XI, Fig. 21), Intestine divided in 2 
parts, viz. middle intestine and rectum, by a valve between them. .Middle 
intestine closely adhering to blind sac by thick mesentery. No pyloric appendage. 

Liver moderate, consisting of a long right lobe and a short left lobe, 
overhanging and covering the cardiac part of stomach. Gall-bladder rather 
large and spherical, located at the beginning part of duodenum; bile duct 
very short, while cystic duct rather long. 
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Fig. 49. Astrocongoi myriaster. A. Head. B. Digestive tract. C. Digestive tract of 
Alloconger anagoides. 


B. Feeding Habits. 

Fortunately, through the kindnesses of Mr. K. 
Kurata, the proprietor of “ Susi-Ei a noted 
“ Susi ” shop on the Ginza, and others, I could 
obtained a large number of stomachs. 

The analysis of the stomach contents showed, 
as follows, that this fish was carnivorous (viz. it 
took mainly the larval fishes, the shrimps and 
the crabs) and exceedingly voracious. It is said 
that this fish usually takes its food at night. 

30. Alloconger anagoides (Bleeker): Hana- 

anago. 

There is hardly any difference between the 
digestive systems of the above mentioned species 
and the present species saving the slight difference 
of the turning of intestine. 



Fig. 50. Food of Astroconger 
myria$lfr. A. Sebastodes in 
the stomach. B. Enedrias 
in the stomach. 
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Table 10 

Stomach contents of Astroconger myriaster 


1 

1 

Date 

’4" 

... 

g" 

Mar. 23, 
1936 

May 20, 
1934 


Locality 

Horie, 

Ehime 

Pref. 

m; 

1 ^ “ 

Onomiti 

Fish 

Market 

Tokyo Fish 
Market 

Frequencj 

Number of fish 

CO 





Body length (cm) 
Stomach contents - 

CO 

CO 

CO 

! 

s. 

I 


Certain fishes • 


4 

1 

3 

8 

Madai {Pagrosomus major) \ 

2 

5 



7 

Umitanago (Ditrema temmincki) • 


1 


2 

3 

Tenzikudai (Apogon lineatus) | 


2 



2 

Sebastichthy5 1 


2 



2 

Ikanago (Ammodiftes personatus) 


■ 1 


2 

2 

Nezuppo (jCallionymus lunatus) 




1 

1 

Gobiidae j 


i ^ 1 

1 

4 

6 

Congers i 


1 


3 

3 

Certain shrimps ' 

2 

i 9 1 

1 

6 

18 

Akaebi (JPenaeopsis akayehi) 

Saruebi CPfochypenaeus curvirostris) j 

1 

2 i 


1 

3 

1 

Certain crabs 1 

1 




1 

Pinnotheridae | 




3 

3 

Leucosia sp. ! 


1 i 



1 

Kaimcngani {Acanthophrys longispinus) 1 

1 

' 

j 

1 i 

1 

Cuttle-fishes j 


2 ; 


1 1 

2 

Octopus 1 


1 j 



1 

Indistinct ' 




2 

2 

None i 


2 ■ 


1 

3 


1 ‘_ I 


Family Muragnesocidae 

31. Muraenesox cinereus (Forskal): Hamo. 

A. Digestive System. 

Body robust. Snout long, rather pointed. Mouth large (m-c being ca. 
1/2, m-b ca. 1/6 of head length); upper jaw a little longer than the lower; 
vomerine teeth large and compressed, tricuspid, 1-rowed; teeth in the inner 
series of mandible similar to those on the vomer, but smaller and rarely with 
basal lobes; teeth of the outer series rudimentary, not bent outward. Tongue 
small, triangular, rather long, not free, no melanin chromatophore. Pharyngeal 
teeth rudimentary. Gill-rakers absent, but gill-hlaments long. 
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Peritoneal cavity elongate; oesophagus short and rather wide, the folds 
of its mucous membrane longitudinal. The form of stomach, the folds of its 
mucous membrane, etc. are similar to those of conger. The length of intes¬ 
tine, the short turnings of its posterior part, the folds of its mucous membrane 
are also similar. Rectum present, but no pyloric appendage. 

Liver not elongate, rather small; gall-bladder spherical; bile duct short. 
Air-bladder long and fusiform. 



Fik- Muraenesox cinvreus. A. Head. B. Pharyngeal tooth. C. 'Digestive tract. 


B. Feeding Habits. 

I examined the stomach contents of 6 fishes (Body length: 46.2-91,8cm, 
Body weight: 125-1120 g) which were collected by the “ Utaseamifrom 
the adjacent waters of Ogori, Yamaguti Pref. on June, 1936, and found that 
they had eaten voraciously the fishes such as the Kurakakegisu {Neoperds 
sexfasciata), the shrimps and the crabs inhabited on the bottom of the sea. 

Family Nemichthyidae 

32. Nemichthys scolopaceus (Richardson): Turuunagi. 

A. Digestive System. 

This fish is one of the rare deep-sea fishes, and although there is a 
brief description of the external characters of this fish and a few records of 
collection by such men as Adams (1863, p. 8527-8528), Jordan and Gilbert 
(1880, p. 409-410), Goode and Bean (1895, p. 153), and Jordan and Ever- 
mann (1896, p. 369), no other literature may be had, there being, of course, 
no one who had made a study of the digestive system of this fish. As 
reported in my report of 1934 (p. 228-231), I was able to obtain on March 
3, 1933, a specimen of this fish (weighing 7.5 g ; the length measuring 78.8 cm ; 
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body height 0,8 cm; and body breath 0.4 cm) on the beach of Odawara, 
Kanagawa Prefecture, which had lost its way. I observed, with great interest 
and curiosity, the construction of the digestive system and the stomach con¬ 
tents of this specimen. The body was very narrow and long. The jaws were 

also very long, the upper 
jaw being trifly longer than 
the lower (the upper 5.5 cm 
and the latter 5.3 cm) 
Viliform teeth (the longest 
tooth being 0.8 mm) were 
closely set in the jaws. 
Buccal cavity not large; 
tongue long (1.8 cm), trian¬ 
gular, stretching towards the 
groove of the lower jaw, 
thin, surface smooth. Gill-rakers and pharyn¬ 
geal teeth could not be detected. 

Peritoneal cavity unusually small; stom¬ 
ach heart-shape, wall thick. Intestine very 
short, no winding whatsoever, and no pyloric 
appendage. Liver large and thick, biown 
colour. These inner organs are covered 
with a thick peritoneum. 

B. Feeding Habits. 

What could the usual food of this fish 
be ? — this fish with an unusually long body, 
with" tremendous long jaws that would pre¬ 
sumably be in the way for taking food, and with ever so small a digestive 
tract. However, I could not so much as obtain a hint from my examination, 
as the stomach of this fish was entirely empty. 


B 





p.c a 

Fig, 52. Nemichthys scolopaceus. A. 
Total view of body. B. Lower 
jaw. C, Peritoneal cavity. 


Family Muraenidae 

33. Gymnothorax kidako (Temminck et Schlegel): Utubo. 

A. Digestive System. 

Body much elongate, compressed; head long and snout pointed; mouth 
large (m-c being ca. 3/7 of head length), completely closed ; lower jaw included ; 
teeth rather broad, sharp and pointed, all in single series, without basal lobes; 
mandible with about 16 teeth on either side. Mouth cavity moderately large; 
folds of palatal mucous membrane longitudinal; vomer with 1 row of hinged 
teeth. Regarding to the teeth of MuraenOy Terra (1911) stated in his book 
p. 208 as follows: Die Gattung Muraena hat pfriemartige scharfspitzige 
Zahne, die in ein bis zwaa, seltencr in mehr Reihen stehen. Tongue, pharyngeal 
teeth, and gill-raker all absent. 

Peritoneal cavity elongate; peritoneum grey; oesophngus narrow and 
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rather long, the wall thick, the mucous membrane with IS-lb of longitudinal 
folds. Stomach assumes the shape peculiar to Apodes, the wall thick, the 
mucous membrane consists of longitudinal folds and net-work ones. Intestine 
short (the length being ca. 1.2 times d-^a), the posterior part of it makes 
peculiar turnings as shown in the figure. I think, it is perhaps his mistake 
in observation that Eggeling (1908) reported taking Muraena Helena for the 
material that its intestine made no winding. The w^all thick, the mucous 
membrane consists of net-work folds (PI. X, Fig. 13). Mesentery thick. No 


(1 K h 

i ; ; a.l) 



pyloric appendage. 

Liver rather large, slender, consisting of 2 lobes, located at the right side 
of stomach ; gall-bladder rather small, spherical; bile duct short. Air bladder 
small, ellip.soid, the wall thick. 

B. Feeding habits. 

I examined the stomach contents of 5 fishes (710 g, 69 cm; 455 g, 60 cm; 
425 g, 54 cm; 300 g, 51 cm; 124g, 43 cm) which were collected on July 24th, 
1937, from the adjacent waters of the Misaki Marine Biological Station. 
The results of analysis showed that they had eaten the young fishes, the 
octopuses, the hermit crabs, etc. 

Family Fistulariidae 

34. Fistularia petimba (Lacepede) : Akayagara. 

A. Digestive System. 

Body very elongate; snout greatly produced, being very long and flute¬ 
like ; jaws very short and the mouth opening extremely small, the lower jaw 
being a little longer than the upper. About 24 small conical teeth, almost 
in a row, curving toward the throat, adorn both the upper and lower jaws. 
Mouth cavity very elongate, it being possible to broaden or narrow the snout; 
tongue extremely long and not altogether free, there being some melanin 
chromatophores on the surface (PI. Ill, Fig. 9). No pharyngeal teeth, nor 
any gill-raker. 

Peritoneal cavity elongate; oesophagus rather long, wall thick. The 
stomach and the intestine run almost in a straight line, the first 1/3 of the 
aljmentary canal being the stomach and the remaining 2/3 the intestine. There 
is distinctly an outward difference between the stomach and the intestine and 
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in dieir respective mucous membranes, the former consisting of 8-9 distinct 
longitudinal folds, while the latter of distinct zigzag folds with a valve separat¬ 
ing the two. The end of the intestine is the rectum, separated by a valve. 
Hie anus opens just in front of the anal fin; only 1 short pyloric appendage. 



Fig. 54. Fistularia petimba. A. Head, 15. Lower jaw. C. Digestive tract. D. Folds of 
mucous membrane of stomach. E. The same of intestine. 


Liver small, thin, 1 lobe, located below the anterior part of the stomach; 
gall-bladder medium in size may be discerned just behind the liver on account 
of the short bile and cystic ducts. Mesogastrium well developed, holding the 
stomach firmly in the peritoneal cavity. 

B. Feeding Habits. 

It is already a well known fact that this fish takes its food, minute float¬ 
ing creatures, by broadening and narrowing its flute like snout, in other words, 
by utilizing its snout as a pipette. (See p. 753 of Marukawa’s (1931) book). 

Family Syngnathidae 

35. Syngnathus scfdegeli (Kaup): Yoziuwo. 

A. Digestive System. 

Body elongate, slender, covered with bony plates which are firmly cpn- 
nected, forming a bony carapace. Head slender; snout long and pipette-like, 
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there being short toothless jaws at the end. Mouth cavity narrow; teeth, 
tongue, pharyngeal teeth, and gill-raker all being absent. Different from 
those of other fishes, the gill-filaments of this fish are a bunch of clusters, 
which is worthy to note. 

Peritoneal cavity narrow; melanin chromatophores being strewn rather 
abundantly on the peritoneum. No stomach, so to speak. The alimentary 
canal consists of a narrow' intestine and a broader one succeeding the former. 
The end of the intestine is the rectum, this part being trifly narrower than 
the intestine. Mucous membranes of the 2 parts of the intestine are that 
the former is of broad parallel longitudinal folds whereas the latter is of 
longitudinal serpentine folds. There is a valve between the intestine and the 
rectum, there being no material difference in the folds of the mucous membrane 
of the rectum and the intestine. No pyloric appendage. 

Liver small and rather long, consisting of 2 lobes, located below' the 
narrow part of the intestine. Gall-bladder small, ellipsoidal; bile and cystic 
ducts both short. Air-bladder large and long, being almost the same length 
as the intestine. The pneumatic duct opens at the beginning part of the 
intestine. 

There are no report whatsoever on the digestive tract of this fish. There 
are, howejver, studies by Cuvier (1910), Rathke (1837), Pilliet (1894) etc. on 
the digestive tract of Syngnathus ams^ but as this species is almost the same 
as the present species, I shall omit describing them. 


p.d 



r 


Fi«:. 55. Syngnathus schlegeli. 


B. Feeding Habits. 

Syngnathus uses its pipette-like snout as a pipette to obtain minute crea¬ 
tures in the water, and, as stated, scholars like Gill (1905) and Rauther (1925) 
agree insofar as this statement is concerned. Bigelow and Welsh (1925) 
however, describes that the snout of Siphostoma fuscum is so distensible that 
it can swallow larger prey than one might expect. 

36. Hippocampus coronatus (Temminck et Schlegel) : Tatuno’otosigo. 

A. Digestive System. 

As everybody no doubt knows, this fish has a very peculiar form, a very 
compressed body. Snout slender, about as long as the postorbital part of the 
head; mouth extremely small (m-c and m-b both being ca. 1/20 of head 
length). The mouth viewed directly from the front is a half-moon. Devoid 
of all teeth, tongue, pharyngeal teeth and gill-raker. The gill-filaments 
assume a very characteristic form, a bunch of clusters, the same as in the 
previous case. They make one think of the cockscomb. 
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Peritoneal cavity vertically long and compressed sidewise, on account of 
which the long alimentary canal, that is, the intestine (this fish being devoid 
of a stomach, the alimentary canal just about corresponds to the intestine), is 
unable to wind from left to right and winds vertically up and down several 
times. Succeeding the pharynx, the oesophagus first runs horizontally but it 
immediately changes its course and bends down. The intestine succeeds the 
oesophagus, it being a trifle narrower, and the total length of which is approx¬ 
imately 2.5 times o-^a (there being quite a difference with each individual 

A li 




Fig. 56. Hippocampus coronatus. A. Head and abdomen. B. Digestive tract. 

fish); wall rather thin; the mucous membrane of the oesophagus consisting of 
longitudinal folds and that of the intestine of papillary processes. The end of 
the intestine, the part which suddenly swells up, is the rectum. No pyloric 
appendage. 

Liver rather long, located on the left side of the beginning of the intestine 
and consists of 1 lobe which gives the impression of being subdivided in 2. 
Gall-bladder small and ellipsoidal, located to the left of the liver, right behind 
the lower part (bile and cystic ducts both being short). Pernkopf (1930) 
rendered a concise report on the digestive tract of Hippocampus, 

B. Feeding Habits. 

According to Gill (1905), Rauther (1925) and Marukawa (1931), it would 
seem that the food and the manner in which this fish obtained its food were 
almost the same as the species described above. 
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Family Belonidae 

37. Athlennes anastomella (Cuvier et Valenciennes) : Datu. 

A. Digestive System. 

I examined 1 sample only, as follows: — 

Date of collection: June 26, 1937; locality: off the coast of Hunabasi, Tiba 
Prefecture (Depth : about 4 ft, sandy bottom); collector: Mr. S. Miyauti; 
body length: 70cm; head length: 19cm; lower jaw: 11cm; upper jaw: 
10.2 cm ; o-^a : 11 cm ; intestine: 11.2 cm. 

Body very elongate, slightly compressed. Jaws very long (the lower be¬ 
ing longer than the upper), narrowing as they get toward the tips. As stated, 
the jaws are extremely long and the mouth correspondingly very large (m-c 
being ca. 5/9 of head length). 5 rows of rather large conical teeth arm 
the jaws, the teeth of the innermost row, about 30 of them, are especially 
large, the rest being much smaller in comparison. No teeth on the vomer 
and palatines. Tongue very long, runs parallel with the groove in the middle 
of the lower jaw, not free, melanin chromatophores diffused on the surface. 
Pharyngeal teeth not very large but sharp, curving trifly in. 


A 




Peritoneal cavity elongate; melanin chromatophores abundantly scattered 
on the peritoneum. Alimentary canal constitutes almost a straight line, broad, 
wall thick, divided into the oesophagus and the intestine; the end being the 
rectum; no stomach. Mucous membrane of the oesophagus longitudinal folds, 
while that of the intestine papillary processes close together, the same as that 
of the flying-fish which will be described later. The intestine is divided by a 
valve into the middle intestine and the rectum. No pyloric appendage. 

Liver elongate, the division of right and left lobes not at all distinct, 
thick. Gall-bladder spherical; bile and cystic ducts both extremely short. 
Air-bladder large, elongate, the first half being particularly broad. 

B. Feeding Habits. 

The sample fishes which I examined had in their stomach bones which 
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indicated that they were the remains of pretty large fishes. According to 
the fishermen, this fish seems to make full use of its long jaws and sharp 
jaw teeth to attack rather large fishes, from which it would indicate that the 
jaws of this fish are not useless or cumbersome as the jaws of Hemirhamphus 
sajori, about which I shall relate in the following chapter. 

Family Hemirhamphidae 

38. Hemirhamphus sajori (Temminck et Schlegel): Sayori. 

A. Digestive System. 

Body much elongate, slightly compressed. Head moderately large, snout 
with obliquely directed, straight profile and pointed tip; lower jaw much longer 
than the upper. Mouth large; teeth in jaws minute, tricuspid, in narrow 
bands; no teeth in the posterior part of lower jaw, on the vomer and palatines. 



Fig. 58. Hemirhamphus sajori A. Head. B. Digestive tract. C. Uver with gall-bladder. 


Tongue rather large, rectangular, long and rather thick, free, no melanin 
chromatophores. Pharyngeal teeth small but numerous. Gill-rakers rather 
short (the length being ca. 2/5 of corresponding gill-filaments), tips pointed, 
grow coarse, 23 in average number. 

Peritoneal cavity elongate; peritoneum thin and black. Alimentary canal 
closely resembles the above-mentioned species: it consists of oesophagus, 
middle intestine and rectum (no stomach); it runs almost straight from oeso¬ 
phagus to anus; the wall thick; the mucous membrane of intestine consists 
of numerous small papillae; there is a valve between the middle intestine and 
the rectum. No pyloric appendage. 

Liver slender, consisted of incomplete 2 lobes, located underneath the 
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anterior part of intestine; gall-bladder small and ellipsoidal; bile and cystic 
ducts short. Air-bladder large and slender. 

B. Feeding Habits. 

According to the foreign literatures, the fishes of Hemirhamphidae are all 
vegetable feeders, for instance, Jordan (1907) describes this in his book, p. 428, 
but from what Uchida (1930) examined, this fish seems to be carnivorous, viz. 
it takes zooplankton such as small Crustacea. He also ascertained that its 
long lower jaw was not only useless when taking its food but was rather a 
hindrance. 


Family Exocoetidae 

39. Cypsilurus agoo iTemminck et Schlegel) : Tobiuwo. 

I have already made a report (1935) on the dige-^tive system and the 
feeding habits of this fish, 

A. Digestive System. 

Body elongate, broad above, somewhat compressed. Head short; mouth 
vertical, small (m-c being ca. 1/6, ni-b ca. 1/4 of head length); lower jaw 
trifly longer than the upper. Villiform teeth scattered in jaws. No teeth on 
vomer and palatines. Mouth cavity moderately large; tongue rectangular, 
medium in size, free anteriorly, smooth, melanin chrornatopliores scattered on 
the surface. Pharyngeal teeth characteristic tricuspid, rather large and closely 
set. Gill-rakers short (the length being ca. I '2 of corresponding gill-filaments), 
tif)s rather pointed, coarse, 22-27 in number the numbcT seems to decrease 
with age), process not numerous. 

Peritoneal cavity large, elongate: a few melanin chromatophores scatter¬ 
ed on the peritoneum. The alimentary canal runs almost straight from the 
oesophagus to the anus; oesophagus short and narrow; stomach absent 
histologicallv (no gastric gland); intestine very wide anteriorly and rather 
narrow posteriorly; the wide part being the middle intestine and the narrow^ 
part the rectum, the length of the former being about 3 times the latter, and 
there is a valve between the two parts. The mucous membrane of the middle 
intestine forming rather long and broad papillae, while the rectum short and 
rather narrow ones. Anus opens just in front of the anal fin. No pyloric 
appendage. Mesentery not well developed. 

Liver, rather small, consisted of 2 lobes, the left lobe being larger than 
the right; gall-bladder large and ellipsoidal; bile duct and cystic duct short. 
Spleen moderately large, located near the liver. Air-bladder large and long, 
pneumatic duct opening to the oesophagus. 

As for the digestive tract of this fish, Okamoto (1918), not only 
made a mistake in taking the middle intestine for the stomach, but said that 
there was no valve dividing the middle intestine from the rectum. 

B. Feeding Habits. 

The feeding coelBicient of this fish, that is, the value of (food weight*^ 
body weight—food weight) X1000 is not over 17, from which it may be seen 



Fif?. 60. Cypatlunis agoo. A. Gill. B. Folds of mucous membrane of duodenum. 
C. Folds of mucous membrane of middle intestine. 
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Fijj. 61. Stomach contents of Cypstlurus affoo. A. Atlanta peronii. B. C. Cresvis. D. 
Ampelisca zamhoangae. E. do: gnathopod. F. IJyperia sihaginis: lelson. G. do; 1st 
peraeopod. H. Oxycephalus: telsoii. L do; gnathpod. J. Pseudnsquilla ferussad: 
teison. K. do: dactylus. L. Megalopa larvae of Oxyrhyncha. M. Nereis: head 
with jaw. N. do; setae. 
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that it eats very little. As shown in the table, it takes for its principal food 
zoo-plankton found in warm currents, or more precisely, planktonic Crustacea, 
such as Amphipoda and Pteropoda and Polychaeta. A matter of interest in this 
connection is that a great deal of its own eggs are found among the stomach 
contents. This, I believe, is due to the large quantity of eggs it produces 
during its spawning season. 


Date 


Locality 


Table 11 

Stomach contents of Cypsilurus agoo 
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Number of fish 
Av. body weight (g) 


Av. body length (cm) 
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Hyperia sp. 

Oxycephalus sp. 1 
Oxycepkalus sp. 2 
Platyscelus ovoidee 
Fhronima pacifica 
Vihlia viator 
Larvae of Squilla 
Pseudosquilla ferussaci 
Euphausia pellucida 
Certain mysis 
Megalopa of Oxyrhynca 
■Certain Ostracoda 
'Larvae of Mitraria 
Larvae of Polychaeta 
Nereis sp. 
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Fggs of Cypsilurus agoo\ 
None 


2 (9 

S'g 

6“- 


® iNSj 

i-k 

o ^ 

ST 
g> CD 

cr. 3 

iti 

Ei £. 


to i ^ w... 

cn I cn Ha 

iSTS! 


cc" 


J 

"os' r o 


ro , CO 


if 

is 


O I 


! 3; 


c 

o 

9 

i 50^ 


Hk 3 

^ A 


SS'PiBr 



® H* 

Si? 



OS 

Oh- 

1 


w 

O' ^ 

00 


o O 


C/3 

» |£S® 

c/3 

o 

s. 

3 


i. 

n 

O 

Bt 

oq 

1. 

BP i <; 

W C- 

3 2 

2. g r> 
!3 o 

OQ 

P# 

3, 

w 

I ^ 

1 1 

'S Ij 

"■j 

C3 

3 

DO 

00 .K'S? 
^ :?r* 
2. 

CO 

B: 

1 '< 1 
1 i 


H* 

I 

1 


’ , 1 

1 O 

1 i 


I o 

1 o 

! cn I C 

Cri 1 
1 




O i 


rc 

s 

IvS 


1 9 


^5 

I? 

W 


1 ■ 1 

i 

j 1 

2 2 
1 ! 


I 


^ \ tel 


to_ 

i? 
a I 


os 
■ yo 


tXI ) Hk 

■»=a-r o 


v 

2; 7 


: ] 

\i 


H* fl» 
8"^ 


^ C/) 

=» .S 
... ‘S 
^9- I 

3 ® 3 

e-gi ? 

s»| ^ 


2 1 1 
2 


1 ; 
1 


3 : 1 


cc , 4^ 

■<I Cn Ha 

00 I OS I 

^ I os ; os 

® r I r* 

!_ CO t H k 

T'o", >0 {■ vi" 


! 3 

I ^ 
I 1 

3 

3 

5 
2 
2 
2 
7 
1 
1 
1 
2 

3 

4 
1 

16 

2 

1 

10 

6 
1 
4 
4 
7 
9 

34 










A STUDY ON THE DIGESTIVE SYSTEM AND FEEDING HABITS OF FISH 101 


40. CypsUurus japonUms (Franz); Hamatobiuwo. 

From my observation of a sample of this fish (body length 25.5 cm) 
which Mr. S. Masuda obtained off the coast of Misaki and gave to me in 
the summer of 1930, I found that it was almost impossible to tell the differ¬ 
ence between the digestive tracts of the present species and the previous one. 

As regards the digestive tract of Exocoetidae, Meckel studied it with 
Exocoetus exsiliens and E. volitans, while Cuvier and Valenciennes, with E. 
volitans, but from the results of their examination, it would seem that there 
was not much difference between the digestive tracts of CypsUurus agoo and 
C. japonicus. According to Yarrell (A History of British Fishes, 1836, Vol. 
1, p. 456), E. volitans eats small fishes in addition to Crustacea. 

Family Scombresocidaf: 

41. Cololabis saira (Brevoort): Sanma. 

A. Digestive System. 

Body elongate, compressed ; head rather large, compressed. Mouth rather 
small (m-c being ca. 4/17, m-b ca. 2/21 of head length), oblique; lower jaw 
longer than the upper without forming a long beak ; teeth extremely small, 
in a single row on the edge of the jaws. Mouth cavity small: no teeth on 
vomer and palatine.s; folds of the palatal mucous membrane longitudinal. 



Tongue elongated rectangular, rather large, free, flat anteriorly, rich in melanin 
diromatophores (PI. Ill, Fig. 8). Pharyngeal teeth minute, numerous. Gill- 
rakers long (a little shorter than corresponding gill-filaments), flat, about 50 
in number, process on a gill-raker numerous. 

Peritoneal cavity rather large and compressed; peritoneum thin and black. 
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Oesophagus short, wall rather thick, mucous membrane consists of about 20 
longitudinal folds. No stomach. Intestinal tract runs almost straight; divided 
by a valve into 2 parts, viz. middle intestine and rectum. Wall of the 
intestinal tract easy to self-decomposition, mucous membrane consists of papil¬ 
lary processes (PI. XI, Fig. 22). 

Liver rather large and slender, thick, consisting of 2 lobes, located below 
the anterior part of the intestine; gall-bladder ellipsoidal; bile duct rather 
short. Spleen very small. Air-bladder slender, wall thin. 

B. Feeding Habits. 

In October 1935, off the Coast of Tyosi, Tiba Prefecture, Mr. M. Sakai 
made experiments in an effort to ascertain the connection between the size of 
mesh of a gill-net and the catch of mackerel-pike. He turned over to me all 
the fish he caught during this experiment. He took these samples and made 
a study of their size, examining at the same time their stomach contents. As 
these sample fishes were caught with nets of different-sizes, they were divided 
into 6 groups, i. e. Group A (23.0 to 30.2 cm); Group B (22.4 to 30 cm); 
Group C (26.3 to 30.6 cm); Group D (27.5 to 30.8 cm); Group E (28.5 to 
.31.5 cm); and Group F (28.4 to 31.4 cm), each group consisting of 10, which 
make in all a total of 60. 

The analysis of the stomach contents of these fishes revealed that the 
plankton w^as their chief food: they were Diatoms {Coscinodiscus subtiles, Cos. 
radiatus, Cos. sp., Navicula monouthiana, Nav. sp., Hyalodiscus sp., Rhizosolenia 
sp., etc.), Polychaeta {Alciopa, sp., Tomopieris sp., Polychaeta larvae), Tintin- 
nopsis, Creseis, and Amphipoda, especially planktonic Polychaeta constituted 
the main portion of the contents. This is very important insofar as the feeding 
habits of this fish are concerned. 

Family Trachypteridae 

42. Trachypterus iris (Walbaum): Tengaihata. 

I examined the digestive system and the feeding habits of this species 
with only 1 specimen (19.7 cm, 8.1 g) which was collected from the adjacent 
waters of Komegami, Kanagawa Pref. on September 17, 1935. 

A. Digestive System. 

Body elongate, very much compressed, riband-shaped. Head square; 
mouth rather small (m-c being a little shorter than 1/5 of head length), slightly 
upwards. Mouth cavity rather large but compressed; no teeth on the jaws, 
vomer, palatines and tongue. Tongue rudimentary. Pharyngeal teeth absent. 
Gill-rakers long (as long as corresponding gill-filaments), slender, tips pointed, 
grow coarse, 13 in number. 

Peritoneal cavity small and compressed. Oesophagus short and broad, 
wall thick, the mucous membrane consists of about 8 longitudinal folds of 
papillary processes. Stomach, i-shape, consisting of long cardiac part, long 
blind sac and short pyloric part; the folds of its mucous membrane are not 
distinct in my specimen. Duodenum curves U-shape* and intestine runs straight; 
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the former being about twice as broad as the latter; wall of intestinal tract 
thin, and the mucous membrane assumes longitudinal zigzag folds. Pyloric 
appendages short, ca. 200 in number, located on the either side of duodenum 
as shown in the figure. 





Fig. 63. Trachypterus ins. 

Liver small, 2 lobes, rather thick, embracing the cardiac part of stomach 
from below. Gall-bladder small, spherical, located between the cadiac part 
and duodenum. No air-bladder. 

Regarding the digestive tract of the fishes of family Trachypteridae, Cuvier 
and Valenciennes studied that of Trachypterus liopterus, and Mazza (1901) 
researched taking Regalecus glesne and Regan (1907) observed taking Velifer 
hyoselopterus for their materials. 

B. Feeding Habits. 

The stomach contents of the fish used for my present study consisted of 
large number of Schizopoda. 

Family Sphyraenidae 

43. Sphyraena pinguis (Gunther): Akakamasu. 

A. Digestive System. 

Body elongate, more or Jess compressed. Head rather pointed. Mouth 
rather large (m-c being ca. 2/7, m-b ca. 2/13 of head length) ; lower jaw 
longer than the upper. Pointed large canine teeth and minute conical teeth 
on jaws, vomer and palatines ; palatine teeth especially enlarged. Mouth cavity 
medium in size; tongue elongated rectangular, free, thin, moderately large, 
very few melanin chramatophores and rudimentary teeth on the surface. 
Pharyngeal teeth villiform. Gill-rakers degenerated. 

Peritoneal cavity elongate; peritoneum silvery. Stomach elongate, i-shape, 
wall thick, mucous membrane consists of about 15 longitudinal serpentine 
folds; blind sac the longest. Intestine short (almost as long as d--a), having 
no winding, narrow, wall thin, mucous membrane with numerous minute 
papillary processes. Intestine divided by a valve into middle intestine and 
rectum. Pyloric appendages long and slender, about 25 in number. 

Liver rather large, 2 lobes, left lobe slightly longer than the right, rather 
thick, lifting the stomach and pyloric appendages from below; gall-bladder 
rather large, ellipsoid, located near duodenum. Spleen small. Air-bladder 
very long and large, wall thick and silvery. 
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B« Feeding habits. 

According to the fishermen, this fish usually lives near the rocky bottom 
of the comparatively shallow sea where the algae luxuriant, and feeds mainly 
on the small crustaceans and young fishes. 

Family Mugilidae 

44. Mugil cephalus (Linne): Bora. 

A. Digestive System. 

Body rather elongate, compressed. Head short, broad, slightly compressed; 
nostrils at some distance from each other. Mouth subinferior, moderately 

large (m-c being ca. 2/11 in head length and m-b twice as long as m-c); 

upper jaw slightly longer than the lower; cleft of mouth assumes A-shape; 

a series of small teeth in both jaws but none on the vomer and palatines. 

Buccal cavity moderate; Plicae palatinae form longitudinal folds. Tongue fairly 
large, not free, serai-elliptic, small papillae exist on the surface, no malanin 
chromatophores. No teeth in the pharynx, instead transversal folds and many 
soft small processes. Gill-rakers moderately long (the length being ca. 1/2 of 
corresponding gill-filaments) and slender, tips rather pointed, closely set, about 
140 in number. 

Peritoneal cavity rather large. Oesophagus moderately long, wall tolerably 
thick; mucous membrane feathery processes vertically in rows. Stomach not 
large, neither Y nor V-shape, something between; blind sac rudimentary. 
Contrary to the cardiac part being small, the pyloric part is big and charac¬ 
teristic in shape, that is, very big in comparison with the other parts of the 
stomach and assumes the shape of a humming-top, wall thick, similar to a 
bird’s gizzard (Kropfmagen). Folds of the mucous membrane of the cardiac 
and pyloric parts not clear but those of the blind sac are distinct net¬ 
work. Intestine not narrow but very long (the length varying according to 
each fish, it averaging however approximately 5 to 6 times the body length, 
or 10 to 11 times d-^a). As illustrated, it winds back and forth several 
times, presenting a very intricate type of winding. The winding at the middle 
part of intestine is most variable according to each fish. Folds of the mucous 
membrane short papillae irregularly arranged, somewhat like the surface of a 
towel (PI. XII, Fig. 26). Pyloric appendages succeed the pyloric part, mode¬ 
rately long, rather thick, 2 in number (6 in the case of Liza haematochila). 

As this is a well-known fish throughout the world, the digestive tract of 
which has been studied by scholars of every country. First, we have Cuvier 
and Valenciennes who in their “ Histoire naturelle des poissons ”, Vol. II, 
dealt with the form of its digestive system in general. It was they who said 
that the stomach was similar to a bird’s gizzard, and reported diat the intes¬ 
tine was long and made of about 20 winding. Rathke (1824) also wrote about 
the peculiarity of its stomach and intestine. Haller (1904) not only took up 
the peculiarity of the stomach but said that it had a close connection with 
its feeding habits. Jacobshagen (1911) studied in detail the folds of the 







Table 12 

Stomach contents of Mugilidae (After Ghazzawi) 
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mucous membrane of each organ, the oesophagus, stomach, intestine and 
pyloric appendages. Okamoto (1917) made a report only on the form of 
stomach. Sakura(1921) studied this fish from the standpoint of fish-culture. 
In order to determine the correct food with which to feed it, he made a 
histological observation of the external and internal characters of the stomach. 
Recently, besides Pernkopf (1930) who wrote about the muscular stomach for 
the second time, Ghazzawi (1933) examined the feeding habits of this fish and 
Mugil capita caught in Egyptian waters and at the same time made a histo¬ 
logical observation of the digestive organ of the latter. 

Liver, 2 lobes, rather small, hangs over the stomach, covering it partly. 
Gall-bladder, small, spherical, Ductus choledochus and D. cysticus both being 
short. Pancreas well developed, spreading between the intestine. 

B. Feeding Habits. 

There is a fine report on the feeding habits of this fish by Ghazzawi 
(1935) who examined the stomach contents of Mugil cftphalus and Mugil 
capita caught in Egyptian blackish waters. Tab. 12 is from his report, which 
I have condensed into a table-form. 

It will be seen from the table that the gray mullet feeds chiefly on sea¬ 
weeds or diatoms at the bottom of the sea. He points out the suitableness of 
its stomach for digesting diatoms, and that the long intestine is an indication 
of herbivorous habits. He also says that the sand particles in the stomach is 
nothing else than to show that it takes bottom food. From my examination 
of the stomach contents of 5 fishes obtained from the Tokyo Fish Market on 
30th March, 1928, I found that they all had taken a good quantity of mud 
and that in this mud, there was a tolerable amount of Isopoda and large 
number of diatoms. 


Family Atherinidae 

45. Atherina bleekeri (Gunther): Togoroiwasi. 

A. Digestive System. 

Body rather elongate, somewhat compressed. Moutli moderate (m-c be¬ 
ing ca. 1/4 and m-b ca. 1/5 of head length), slightly upwards: premaxillary 
well developed and protrusile; jaws and the vomcT armed with rudimentary 
teeth; no teeth on the palatines. Mouth cavity moderately large; tongue 
elliptic, very thin, free, teeth and melanin chromatophores both absent on the 
tongue. Pointed minute teeth on the 2 sets of front and back pharyngeal 
bones and 1 set of the lower pharyngeal bone. Gill-rakers long (a little 
longer than corresponding gill-filaments), tips pointed, flat, coarse, 28-31 in 
number, process numerous. 

Peritoneal cavity rather large, much space; peritoneum black. Oesophagus 
comparatively large; there being no stomach, oesophagus connects directly to the 
intestine. Intestine short (the length being ca. 1.3 times o^a), rather wide, 
especially at the beginning; wall very thin; as illustrated, makes 1 coil, Coil¬ 
ing such as this -is very rare in the winding-type of the fish intestine. The 
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Fir. 65. Atherina hleekeri. A. Head. B. Digestive tract. T. Livi‘r. D. Gall-bladder. 


oesophagus and the intestine may be distin¬ 
guished by their reliefs, that is, the former 
consists of 30 longitudinal folds and the latter 
of the papillary processes. The intestine is 
divided by a valve into the middle intestine 
and the rectum. The anus opens in the middle 
part between the right and left pectoral lins, 
which is the special character of this species. 

Liver not large but thick, the weight be¬ 
ing ca. 1/25 of the body Vveight; consisting 
of 2 lobes, the right is a little longer than 
the left; located just below the beginning of 
the intestine. Gall-bladder small, ellipsoidal ; 
the bile duct opening at the beginning of the intestine. Spleen small, situated 
on the right side of the middle part of the intestine. ^ 

B. Feeding Habits. 

Through the courtesies of Prof. 1. Amemiya and Mr. S. Murayama, I 
was able to examine 50 of this fish from the Misaki Marine Biological 
Station, and 20 more from Nagai, Kanagawa Prefecture, through Mr. K. 
Harada's courtesy, and found that it ate very little, and that its food consist¬ 
ed principally of copepods and other zoo-plankton. It does not seem to go 
in particularly for the phytoplankton, such as the diatom. 



Fig. 66. Atherina hleekeri. Folds 
of mucous membrane of inte.S' 
tine. 
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Table 13 

Stomach contents of Atherina bleekeri 


! 

Date 

Apr., 

1934 

June, 

1932 
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i Nagai, 
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7 

7 
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1 

1 

1 

1 

Fiotatoria • 

1 


1 

Ortain insects . 

2 


2 

Eggs of Atherina (, ? ) ’ 


i 

2 

Coscinodiscus i 


' i 

1 

Spores of .sea-weeds j 


2 ■ 

2 

None j 

7 

12 ! 

19 


46, Atherina tsurugae (Jordan et Starks): Gin’isoiwasi. 

A, Digestive System. 

A few days after examining the foregoing species, through the kind 
arrangements of Prof. I Amemiya and Mr. S. Murayama, 1 was able to 
examine some 30 of this fish 
caught near the Misaki Marine 
Biological Station. The results 
of this examination showed that 
the appearance of the present 
species, as well as the construc¬ 
tion of its digestive system, do 
not differ very much from that 
of the previous one, except that 

the anus is located below the Fig. 67. ^Athenrta tsurugae. 
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pectoral fins and not in the center between the 2 fins. This is the major 
point of difference. Another point of interest is that due to the anus being 
located towards the posterior part, the intestine of this fish does not make the 
circular turning of the foregoing species but in the form of an N. This, 
I believe, has to do with the distance of the oesophagus and the anus as 
against the length of the intestine. 


Family Zeidae 


47. Zeus japonicus (Cuvier et Valenciennes): Matodai. 

A. Digestive System. 

Body orbicular, very much 
jwu compressed. Mouth large (m-c 

being ca. 2/5 and m-b ca. 1/6 of 
U // ^ length), lower jaw longer 

yOE=:==s>. than the upper. Minute, conical, 

\ pointed teeth grow in bands in 

1 Buccal cavity rather 

/ \ small; no teeth on the vomer 

y j I and palatines; folds of the palatal 

J \ mucous membrane longitudinal. 

/y \ Tongue rather large, triangular, 

[ ^ .- . iT \ thick, smooth, a few melanin 

I \ chromatophores on the surface. 

\ iPl III, Fig. 15). Pharyngeal 

L *) rather large, sharp, and 

y conical, arranged in 3-pair sets. 
'• Gill-rakers degenerate, forming 

’ about 15 bunches of setae as 

X. ; shown in the figure. 

\ ' Peritoneal i*avity rather large 

\ \ but compressed; peritoneum 

\ \ silvery. Oesophagus tolerably 

Y 3 long (Meckel (1829) also recog- 

CO V • A r-ii 1 rA- this in the case of the 

Fir. 68. Zeus japomcus. A. Uill-rakers. 13. Dircs- , r ^ r i \ 

tiv6 tract oesopnagus of Zaus jQu^t') y wail 

thick, the mucous membrane 
consisting of some 12 longitudinal deep-grooved folds and shallow-grooved 
longitudinal folds between each deep-grooved fold. The stomach consists of 
a rather long and broad cardiac part, a large spherical but more or less com¬ 
pressed blind sac, and a short pyloric part. Regarding the fact that Zeus 
has such a characteristic blind sac, Cuvier (1810), Meckel (1829), Eggeling 
(1907), Pernkopf (1930), etc. have already described it. V/all of the stomach 
thick, the mucous membrane of the cardiac part almost flat, that of the blind 
sac assumes longitudinal serpentine folds with a net-work between each, and 
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that of the pyloric part ordinary longitudinal folds. Intestine considerably 
short and narrow, wall thin; makes 1 large circular turning and bends once 
as shown in the illustration. The mucous membrane of the intestine consists 
of net-work folds. The anus opens just in front of the anal-fin. Pyloric 
appendages short, 120 to 130 in number. 

Liver large and thick, consists of 2 lobes, the left being somewhat larger. 
Gall-bladder, a rather large oval, located between the lobes of the liver near 
the pyloric part of* the stomach. Bile duct moderately long. Spleen thin, 
medium in size, situated near the pyloric part. 

B. Feeding Habits. 

1 examined the stomach contents of 2 of this species which were 
collected by Mr. S. Miyauti from the adjacent waters of Aziro, Sizuoka Pre¬ 
fecture, on May 8th, 1937, and found that one of them had eaten the fi-^hes 
which belong to Platycephalidae and the other certain fishes. 

Family Berycidae 

1-8. Beryx splendens (Lowe); Kinmedai. 

A. Digestive System. 

Body rather elongate, compressed. Mouth large (m-c being ca. 1/3, m-b 
ca. 1/t of head length), directed obliquely (ca. 45°) upwards; bands of minute 
conical teeth in both jaws. Mouth cavity very large; the buccal mucous 
membrane reddish; villiform teeth grow in bands on each palatine. Tongue 
red in colour, smaU, triangular, thin, free and smooth. Pharyngeal teeth 
small, larger than the jaw teeth, closely set on the 3 sets of the upper and 
1 set of the lower pharyngeal bones. Gill-rakers long (a little longer than 
corresponding gill-filaments), grow at right angles to the gill-arch, tips pointed, 
coarse, 25 in average number, process on a gill-raker numerous. 

Peritoneal cavity large; peritoneum black. Oesophagus short and with 
thick wall, the mucous membrane consists of 11 longitudinal folds. Stomach 
rather small, i-shape, wall thick (pyloric part having the thickest wall), the 
mucous membrane assumes 11 to 12 of ordinal longitudinal folds; develop¬ 
ment of blood-vessels conspicous on the stomach. Intestine long (the length 
being ca. 2.8 times of d--'a), begins from rather wide duodenum, making 2 large 
windings and 1 short bending, ends to the narrow rectum; the wall rather 
thin, and the mucous membrane consists of irregular zigzag folds. Pyloric 
appendages long and broad, situated on the left side of stomach, 31 in number. 

Liver large, consisting of 2 lobes, the left one larger, located below the 
anterior part of stomach. Gall-bladder large, long ellipsoidal, bile duct not 
long. Spleen 2, situated near the rectum. Pancreas diffuses along the blood¬ 
vessels and between the pyloric appendages. Air-bladder elongate, rather large, 
the wail thick. 

According to the report of Cuvier and Valenciennes, Beryx lineatus has 
a cylindrical V-shaped stomach and about 20 pyloric appendages. 
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Fig. 69. Beryx sph^ndens A. Digestive tract. B. Pyloric appendages. 

B. Feeding Habits. 

It would be worthy of note that the fishes, 31.5 to 33.8 cm in body 
length, which I collected at the Tokyo Fish Market on Feb. 17, 1939, had 
taken chiefly the lantern fishes. 

Family Monocentridae 

49. Monocentris japonicus (Houttuyn): Matukasauwo. 

A. Digestive System. 

Body short, deep, compressed; scale very large and hard. Head large; 
mouth rather wide (m-c being ca. 2/5, m-c ca. 1/3 of head length), slightly 
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inferior. Teeth in jaws degenerate, but as the jaws themselves are so hard, 
it should not be difficult to imagin that they can serve the purpose of biting 
off the baits. Mouth cavity medium in size; the folds of palatal mucous 
membrane longitudinal; vithform teeth on palatines, but none on vomer. 
Tongue large and soft, semi-circular, thick, smooth, no melanin chroraatophores. 
Pharyngeal teeth very minute, but they form a pair of stout masses. Gill- 
rakers long (the length being ca. 4/3 of corresponding gill-filaments), broad, 
tips blunt, closely set, 19-20 in number. 

Peritoneal cavity large, ellipsoidal; a few melanin chromatophores scatter¬ 
ed in the peritoneum. Oesophagus short; stomach large, V-shape; cardiac 
part large and wide, pyloric part also large, but blind sac degenerates. The 
folds of the mucous membranes of oesophagus and stomach both longitudinal. 
Intestine moderately long (the length being ca. 3 times d~a) and bends twice, 
the mucous membrane consists of transversal serpentine folds. Pyloric appen¬ 
dages very long, 6 in number. 

Liver rather large, 1 lobe, located on the left side of stomach. Gall¬ 
bladder small. Air-bladder very large and stretched. 



B. Feeding Habits. 

According to the book written by Amemiya and others (1933, p. 187), 
this fish lives usually in a pretty deep waters or behind rocks, and seeks 
actively for its food in a dark night. 

Family Scombbidae 

50. Scomber japonicm (Houttuyn): Saba. 

A. Digestive System. 

Body fusiform and compressed, its height nearly equal to the length of 
the head. Mouth rather large (m-c being ca. 1/2, m-b ca. 1/6 of head length), 
horizontal. About 60 minute conical teeth grow in a series in each jaw. 
Moudi cavity moderately large; 2 or 3 rows of minute teeth exist on each 
palatine; vomer also armed with minute teeth. Tongue medium in size. 
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triangular, pointed, thin but hard, free, no teeth, rich in melanin chromato- 
phores. Pharyngeal teeth long but very slender, numerous, resembling closely 
a scrubbing-brush. Gill-rakers long (the length being ca. 3/2 of corres¬ 
ponding gill-filaments), flat, tips blunt, closely set, 35-38 in number, process 
on a gill-raker about 40. 



7J. Scomber japomcus 

Peritoneal cavity rather small; oesophagus short, the wall thick, the 
mucous membrane consists of about 25 longitudinal folds having a great deal 
of short transversal ridges on each fold. Stomach large, i-shape; blind sac 
so long that its tip reaches to the end of the peritoneal cavity. Mucous 
membrane of the stomach consists of 12-15 longitudinal somewhat s(Tpentine 
folds. Intestine moderately long (the length being ca. 3 times d--a), winds 
twice, forming N-shape, rather broad, wall not thick, tlie mucous membrane 
consists of longitudinal folds with vertically waved ridges (PI. IX, Fig. 1.). 
A valve exists betw-een the middle intestine and the rectum. Pyloric appen¬ 
dages long and slender, about 150 in number. 

Liver very small, 1 lobed, situated below the cardiac part of stomach; 
gall-bladder V(Ty long and its tip reaches to th(' end of the blind sac. Air- 
bladder large, fusiform, pointed at both ends. 

There is quite* difference between the digestive organs of this fish and 
those which belong to the Katsuwonidae and Thunnidae, which will be des¬ 
cribed in the next chapter. It is to be noted that they arc more like tho.se 
of Carangidae (note esp(*ciallv the pyloric appendages and liver). 

As for the digestive system ol this fish, Okamoto (1918) made an accurate 
report on its stomach only, while Kishinouye (1923) rendered a somewhat 
detailed description of the construction on each organ. Not only did Cuvier 
and Valenciennes study the digestive system of Scomber scomber but Rathke 
(1820), Eggeling (1907) and many others followed suit. Jacob.shagen (1911) 
also made a complete study of it. Your attention is drawn to the paragraph 
where he .says: “ Mittel- und Enddarm sind ziemlich von gleicher Weite, die 

ziemlich gering genannt werden muss. Beide Abschnitte werden getrennt 
durch eine Bauhinsche Klappe, die ausserlich durch eine Einschniirung kennt- 
lich wird’\ 
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B. Feeding Habits. 

Among the many studies of Kishinouye (1923) regarding the Scombroid 
fishes, there is a report on the food of Scomber japonicus, in which he says: 
“ Scomber is also a plankton-feeder, but its food differs in different seasons 
and localities. In bays the fish is omnivorous, and feeds near the bottom; 
but in the open sea it seems to feed near the surface ”, which, in my opinion, 
is impartial in his opinion. Kasamura (1925), after examining the stomach 
contents of 48 adult mackerels collected in the vicinity of Toyama Bay, 
found that they -consisted chiefly of Eiiphausia, There are other reports in 
this connection, such as the work of Bullen (1908) who studied the feeding 
habits of European mackerels and stated that planktonic Crustacea constituted 
its chief food and the work of Marukawa (1912) who said that its food was 
Crustacea and small fishes, all of which make, in my opinion, good reading. 

Family Katsuwonidae 

51. Katsuwonus vagans (Lesson): Katuwo. 

A. Digestive system. 

Body elongate, compressed. Head somewhat pointed. Mouth large (m-c 
being ca. 1/3, m-b ca. 1/5 of head length); low-er jaw a little longer than 
the upper. 1 row of very minute conical teeth in each jaw. Mouth 
cavity rather large; folds of palatal mucous mf'mbrane longitudinal; no tecjth 
on the vomer and palatines; tongue moderately large, rectangular, rimmed on 
both sides, silvery, and rich in melanin chromatophores. No teeth. F^haryn- 
geal teeth rather long and pointed, constituting a pair of tooth4)an(l on the 
upper and lower pharyngeal bones. Gill-rakers long (the length being ca. 1/5 
of corresponding gill-filaments), flat, tips pointed, vertical to the gill-arch, 50 
in average number. 

Peritoneal cavity rather small; melanin chromatophores hardly any on 
the peritoneum. Oesophagus short, wall (hick. Stomach “|-shap(% wall thick ; 
blind sac long, narrowing as it gets lowcird the end; nuicou'^j membrane of 
the stomach, 30 longitudinal folds having numerous short transvrTscI ridges 
closely set together. Intestine short (ca. 1.2 times d—a), runs almost in a 
straight line, the beginning of which, that is, the duodenum, curves in a U- 
form, and the latter part is the rectum separated by a valve; wall thick; 
mucous membrane, papillary piocesses in about 10 vertical rows; that of the 
rectum, as shown, being a little different. The pyloric appendages of this 
fish, differing from those of any foregoing species, are extremely .short, the 
numerous appendages (it might be more appropriate to call them glands) be¬ 
ing wrapped in a mucous membrane, which is often mistaken for the liver, 
below the stomach to the right. 

Liver moderately large, reddish in colour, 3 lobes, the right being longer 
than the left, situated below the cardiac part. Gall-bladder long and slender, 
the tips stretching to the end of the blind sac of the stomach. Air-bladder 
long and fusiform. 
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Fig. 73. Kntsuu'onus vofians. Folds of murous mernbrdnt*. A. Stomarh. 
H. Intostino (upper; an<] reetum Clower). 



B. Feeding Habits. 

The earliest reports on the feeding habits of this fish are those made by 
Okamura and Marukavva (1909) who examined the stomach contents of this 
fish colh'ctcd from the various Fisheries Experimental Stations throughout Japan 
and found that its chief food consisted of rather large Crustacea, Gastropoda, 
sardines and so forth. The examination of the stomach contents of bonitos 
by Yanagi (1911), collected from the coasts of Miyagi, Hukusima, Ibaraki, 
Sizuoka, Miye, Wakayama, Koti and Miyazaki Prefectures, showed that they 
fed mainly on sardines, amphipods and schizopods being taken as side-food. 
1 am, however, of the opinion that the sardines which had been eaten were 
the baits used for fishing bonitos. Kishinouye (1923) expressed the opinion 
that the principal food of this fish was fishes, Crustacea and Mollusca. Uda 
(1933) completed an interesting study on the connection the stomach contents 
of this fish had with the manner in which it went after baits at the time it 
was being fished. 

As already reported (in 1938), the results of my efforts showed, after 
examining the fishes collected by the fishing boats of Miyagiken Fisheries Experi¬ 
mental Station, including 8 other prefectural stations, and those obtained 
through the courtesy of Mr. M. Uda, that the principal food of this fish was 
cuttle-fishes, shrimps, schizopods, amphipods, etc., as shown in the table. 
Furthermore, there is a group of this fish that lives in shallow places of the 
open sea, while the other group migrates from sea to sea. The former eats 
almost anything, but the latter chiefly planktonic Crustacea, sardines and cuttle¬ 
fish found in the ocean. Another point of interest in this connection is that 
while the former can always find food when it wants to eat, the latter is 
pretty nearly always hungry. 


Table 14 

Stomach contents of Katsuwonus vagans 
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Fig. 74. Stomach contents of Katsuwonus vaf«ins. A. Mackerel in tht' stomach of bonito. 
B. Young fish of bonito. C'. Trachurus japtmictis. D Sardtma melanosticta. E. En- 
((taulis jnponums, F. Flying-fish. G. Cuttle-fish. II. Sergestes. I. Schizopods. 
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Family Thunnidae 

52. Thunnus orientalis (Temminck et Schlegel): Maguro. 

A. Digestive System. 

Body fusiform; head somewhat triangularly pyramidal., Mouth moderate 
(m-c being less than 1/3, m-b "ca. 1/2 of head length), turns slightly up¬ 
wards. A row of villiform teeth in each jaw, also on the palatines. Buccal 
cavity rather large; tongue tolerably large (note that the tongue of Scombridae 
mentioned above is small), trapezoid, flat, rather thin, free, greyish and 
armed with rudimentary teeth. Pharyngeal teeth villiform. Gill-rakers well 
developed, moderately long (the length being ca. 1/2 of corresponding gill- 
filaments), flat, tips rather pointed, 36 to 39 in number, process numerous. 




Fig. 75. Thunnus orientalis. 

Peritoneal cavity moderate; peritoneum thick and greyish in colour. Oeso¬ 
phagus broad but short. Stomach large, i-shape; the cardiac part and the 
blind sac together forming 1 fusiform sac. The length from the end of the 
blind sac is approximately 2/5 of the body length. The end of the blind 
sac is somewhat pointed. Wall of the stomach thick and sufficiently dis¬ 
tensible ; pyloric part short, being more muscular than the sac-portion. Mucous 
membrane of the stomach usually consists of 30 to 40 wide and narrow longi¬ 
tudinal folds. 

Intestine moderately long (the length being 3/2 of d'--a), winds twice 
forming N-shape; wall thick, moderately broad; the rectum being at the end 
of the intestine. Mucous membrane of the intestine consists of papillae. 
The pyloric appendages of this fish are similar to those of the mackerel 
and bonito, that is, a great number of appendages cluster together and form 
1 big mass which is covered by a membrane. 

Liver thick, consists of 3 lobes (each lobe being short and almost the 
same length; the left and right lobes being subdivided into 3 lobes) and over¬ 
hangs the cardiac part. The characteristic point about the liver is that on 
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the surface, there is a dense distribution of minute veins. The gall-bladder 
is the same as that mentioned above, long-stretched. Spleen large, situated 
at the first winding of the intestine. Air-bladder triangular. 

As for the digestive system of this fish, there 
is an excellent report by Kishinouye (1923). As 
for the foreign Thunnus^ there are the work of 
Cuvier (1803), lischricht and Muller (1835: fJver), 

Bridge (1904 : Pyloric Appendages], and Regan 
(1909: General). 

B. Feeding Habits. 

Kishinouye (1923/ writes on p. 100 of his paper 
about the feeding habits of this fish as follows: 

“ It feeds on different kinds of fish, more or less 
pelagic in habit, such as sardine, anchovy, flying 
fish, scad, sand-eel, etc., but sometimes fishes liv¬ 
ing near the bottom are found in the stomach. 

Calamaries and F^teropods; Fyrosoma; pelagic- 
crustaceans, such as Euphausia, Sergpstes, Acanthe- 
phyrOy larvae of Brachyura and Stomatopoda, ano- 
molous Amphipoda, etc. are also found in the 
stomach And according to the Hokkaido 
Fisheries Experimental Station (1928), the food of this fi>h are small herrings, 
sardines, cods, etc. Hpjii 1932) said that this fish went migrating in pursuit 
of sardines and herrings, which is known as “ feedingmigrationand that 
when it jumped from the water, the action was caused on account of its 
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jumping on its prey* He maintained that the swordfish jumped for recreation 
but the present species jumped out of necessity. The Hyogoken Fisheries 
Experimental Station (1935) maintained that this fish migrated in pursuit of 
flying fish, occasionally jumping out of the water. 

In 1935, through the kindness of Mr. 1. Tukamoto, 1 was able to examine 
51 stomachs of this fish collected off the coast of Sanriku. As shown in the 
table, I found that they contained principally fishes, especially sardines, but at 
the same time, many were empty, which I believe is something worth nothing. 

53. Parathunnus sibi (Temminck et Schlegel): Mebati. 

A. Digestive System. 

There is not such a great deal of difference in the digestive system of 
of this and the foregoing species, but I shall describe the differences as they 
are: first, the tongue is somewhat smaller; the number of gill-rakers 26 to 
28; folds of the mucous membrane of the stomach about 25 longitudinal 
serpentine folds; the intestine being a little longer than the previous species. 
3 lobes constitute the liver, the same as in the foregoing case, but the left 
and right lobes are not subdivided as in the case of Thunnus, nor is there 
any distribution of minute veins on the surface. 

B: Feeding Habits. 

On page 444 of his paper, Kishinouye (1923) writes as follows regarding 
the feeding habits of this fish: “Very voracious fish, ft^eding on sauries, 
bonitos, luminous fishes, such as Maurolicus, and allied kinds, cuttle fish, 
Amphipoda, Sergestes, AcanthejjhyrOy etc.’' 

In 1935, when we went out on the Pacific Ocean on the “Fuzimaru”, 
one of the fishing boats of the Sizuokaken Fisheries Experimental Statian, on 
the 21st of June, 34°28' N. and 144° 10' E., we caught this fish. On examining 
5 stomachs (43.7cm~2620 g to 48.5cm~2820 g), I found that they all had eaten 
sardines (although some of the sardines were those used for baits). On May 
6, 1936, Mr. M. Uda turned over to me that which (58 cm, 4460 g) he had 
caught near Nisinosima, Ogasawara, and 1 in turn examined its stomach 
contents. I found that it had eaten 16 sardines (although they might have 
been bait-sardines). When Mr. H. Marukawa examined the stomach contents 
of a sample caught by the Awomoriken Fisheries Experimental Station on June 
18, 1938, 34 51' N. and 175'X)4' E., he found among them Takoika (Gon- 
atopsis borealis), Tobiika (Symplectoteuthis oualaniensis), Okizayori [Tylosurus 
annulatus), etc. 

From the results of researches mentioned above, it would seem that this 
fish has the habits common to the so-called Scombroid fishes, that is, while 
they are of the same slock, one goes migrating in pursuit of food while 
the other looks for food in shallower spots (near rocks) in the ocean and 
stay there. 

54. Neothunnus macropterus (Temminck et Schlegel) : Kihada. 

A. Digestive System. 

The differences in the digestive system of this fish in comparison with 
the 2 foregoing species are as follows: - - 
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Gill-rako^ 30; although 3 lobes constitute the liver, the left is subdivid¬ 
ed into 2 small lobes and the surface is devoid of minute veins. 



4 «> 


77. N€*ofhunfius macn»ptrrus. 

B. Feeding Habits. 

Examination of the stomach contents of the sample caught on Sept. 4, 
1937 at 2744' N. and 141*57' K. by fishing f)oat of Sizuoka Prefecture 
“ Kaizin-maru ” revealed that they consisted of Sokoharigoti (Hoplichihys ffil- 
herti), Erilepis sp., other fishes, and sea-slugs. The samples examined by Mr. 
S. Saito, collected near Timor Island in Dec. 1937, had taken leather-fishes, 
cuttle-fishes, shrim|)s, etc. Perhaps this was because they were a group which 
had gathercfl near the rocky bottom of that vicinity. 

According to the report of II. Nakamura(i93tt), the fishes which were caught 
in 1933 and 1934 from the Celebes Sea, took mainly fishes {EngrauliSy 
Osfraciariy RaUstes, Sphyraena, Tylosurusy Stolephorus, etc.', cuttle-fishes, 
Crustacea, etc.. Moreover, they can be divided into 2 groups, according to 
their stomach contents, that is, a group that gets its food along the coast, 
and another group that obtains its food in the open sea. 

Family Cybiidae 

55. Sawam niphonia (Cuvier el Valenciennes) ; Sawara. 

A. Digestive System. 

Body much elongate, compressed. Mouth large (m-c being ca. 2/5 of 
head length), slightly oblique upwards. Teeth in jaws large, Hat and sharp, 
about 25 in the upper and about 20 in the lower. Mouth cavity medium in 
size; villiform teeth on vomer and palatines; tongue large, semi-circular, free 
anteriorly and laterally, rich in melanin chromatophores, no teeth (tongue of 
Sawara guttata armed with teeth). Pharyngeal teeth very small but numerous. 
Gill-rakers moderately long (a little longer than corresponding gill-filaments), 
flat tips pointed, coarsely grown, about 15 in number, process on each gill- 
raker numerous. 

Peritoneal cavity elongated; no melanin chromatophore on peritoneum. 
Stomach i-shape, wall thick, mucous membrane consists of 7 to 8 longitudinal 





124 


Y, SUYEHIRO 


folds, Intestine slender, runs straight from duodenum to anus; it is divided 
into the middle intestine and the rectum; mucous membrane of the intestine 
consists of longitudinal zigzag folds. Pyloric appendages numerous, but they 

are fewer than those of Thunnidae and 
Katsuwonidae. 

Liver rather small, situated under the 
anterior part of stomach, 3 lobes, the right 
one the largest; gall-bladder very long, stretch¬ 
ing along intestine. No air-bladder. 

B. Feeding Habits. 

Hayasi (1919) observed the stomach of 
many fishes which were caught from the 
various parts of the adjacent waters of Kagawa 
Prefecture and found that they had taken 
mainly the sardines and sand-eels. According 
to Kishinouye (1923), this fish is voracious, and 
feeds chiefly on sui*face-swimming and school¬ 
making fishes, such as sardines, anchovies, 
sauries, mackerels, sand-eels, ete. 



Fig. 78. Snwara niphonia. F'ylorir 
appendages. 


Family Tricfiiuridae 

56. Trichmrus haumela (Forskal) : Tatiuwo. 

A. Digestive System. 

Body very much elongated and greatly compressed. Mouth large (m-c 
being almost 1/2 of head length); the lower jaw being longer than the 
upper. Teeth in jaws very large, sharp and flat, the tip being like a fishing 
hook as shown in PI. I, Fig. 2. About 14 sets of teeth in the upper jaw, 2 
of which in the anterior part especially large and about 15 sets in the lower, 
1 tooth at the end being especially large, besides which there are numerous 
small teeth in the upper and lower jaws. Mouth cavity moderate; palatal 
mucous membrane light black; rudimentary teeth on the vomer and none on 
the palatines. Tongue moderately large, triangular, rather long, free, melanin 
chromatophores rather numerous, smooth, similar to the longue of Cololabis 
saira. Pharyngeal teeth small and closely set in rows. Gill-rakers forked, 
very short and narrow (the length being ca. 1/6 of cori'esponding gill-filaments), 
coarsely grown (PI. IV, Fig. 18). 

The body is particularly long, but the peritoneal cavity is not so elongated 
in comparison; peritoneum silvery. Stomach very long, i-shape; blind sac 
very long but the cardiac and pyloric parts are short; wall thick; mucous 
membrane consisting of 14 longitudinal folds (PI. VII, Fig. 10). Intestine 
narrow, runs in a straight line; wall moderately thick; mucous membrane 
being net-work (PI. X, Fig. 14). Pyloric appendages broad and rather long, 
located near the lower part of the stomach, 25 to 30 in number. 

Liver large, consisting of 2 lobes, each lobe triangular; gall-bladder very 
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Fig. 79. Trichiurus haum*>la. A. l>igef?tive tract. B. Pylori** appendages. 

long, stretching along the intestine. Cuvier and Valenciennes stated that the 
stomach of Trichiurus lepturus was long, and that there were 2^^ pyloric 
appendages. 

B. Feeding Habits. 

I made a very rough observation on the materia! obtained from a fish¬ 
monger during the years 1933 and 1934, Of the 47 stomachs, over 1/2 of them, 
namely 28, were empty and the rest had in them pieces of Trichiurus haumela 
and cuttle-fi.sh. This fish usually lives near the bottom but at night it comes 
schooling above the middle layer of the sea, but owing to its rather low 
swimming velocity in comparison with other fishes, it has difficulty in obtaining 
in food. Therefore, it is often found with an empty stomach. Further, it would 
seem that it eats one another. Morsels of Tatiuwo are u.sed for baiting this 
fish, and it might be that those found in the stomach were these baits. It 
is not difficult to understand that this fish finds its sharp teeth and big blind 
sac useful in taking food. 


Family Istiophoridae 

57. Makaira mitsukurii (Jordan et Snyder): Makaziki. 

A. Digestive System. 

Body elongate, compressed. Mouth large, horizontal. Jaws stretched and 
pointed; upper jaw almost twice as long as the lower. Small conical teeth 
closely set in jaws: rudimental teeth on palatines, none on vomer. Buccal 
cavity large; Plicae palatinae poorly developed. Tongue large, seOTi-elliptic, 
thick, not free, somewhat hard but smooth; no melanin chromatophores. 
Pharyngeal teeth and gill-rakers both absent. Pharynx comparatively large. 

Peritoneal cavity moderately large and long, stretches from and beyond 
the anus; very few melanin chromatophores may be .seen scattered on the 
peritoneum. Oesophagus broad and short, wall thick, folds of mucous membrane 
longitudinal but not very distinct. Stomach large, fusiform, on account of the 



fig K1 Makatra mitsukurn Folds of mmous membrane A Sloraach 
B Intestine 

cardiac and pyloric parts being unusually short and the blind sac a broad 
and long tube, presents a i-shape, wall of stomach thick and distensible; Pars 
pylonca situated below the stomach, folds of mucous membrane about 15, 
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grooves deep, longitudinal zigzag. Duodenum succeeding the pyloric part at 
the lower part of the stomach is a very broad tube, being 2 or 3 times 
broader than any other part of the intestine; differing from the intestine of 
Xiphias Radius, short, form of its winding also different, making only 2 
short turnings (N-shape). No difference between the part which corresponds 
to the rectum and the part which is known as the middle intestine insofar as 
breadth, etc. is concerned. Wadi of intestine thick, the length being ca. 4/9 
times the body length, and ca. twice d'-^a. Folds of the intestinal mucous 
membrane form short papillae. Pyloric appendages almost the same as those 
of the tunny and albacore, the bunches of small clusters being covered entirely 
with a membrane, situated below the stomach, slightly to the right. Mesentery 
well developed. 

Liver situated below the stomach, not very large but rather long, consist¬ 
ing of 2 rather thin lobes. Gall-bladder, a long sac, extends to the first 
turning of the intestine situated to the right of the stomach. Air-bladder 
large, rather long, extends to the latter part of the upper portion of the 
elongated peritoneal cavity. 

H. Nakamura (1938), who made a study of the Xiphiiformes fishes in For¬ 
mosan waters, made a detailed anatomical examination of these fi-^hes, but he 
made no detailed report on their digestive organs. 

B. Feeding Habits. 

Contrary to the swordfish w^hich is fished chiefly in w'inter, this fish is 
caught in the summer time, which accounts for the fact that the corruptible 
internal organs, are often removed as soon as the fish is taken from the 
waters. It was therefore very difficult to obtain the necessary material to 
study its feeding habits. Consequently, it will perhaps be rather difficult to 
discuss this subject intelligently and form a definite opinion from the few 
stomach contents which I was able to examine, but thinking that it wdll throw 
some light on the subject and serve as a future guidance, 1 have decided to 
give a description of my findings. 


Table 16 

Stomach contents of Makaira mitsukurh 
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i Fish Market 


According to Table 16, it would seem that this fish eats quite an amount 
of rather large, oceanic fishes. All the fishes which I examined had their 
.stomachs full of food, which it would seem to indicate that this fish belongs 
to the rather voracious set. An adult skipper, as shown in the photograph. 
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Fig ^2 Stomach contents of Makaxta mttsukurii A Sympleriotvutht% lumtnosa B 
Onychoteuthis hanksit C Cololabts satra 

was found in the stomach of this fish caught off the eastern coast of Boso 
Peninsula in June, which I think is an interesting fact in studying the skipper’s 
habits, especially in connection with its migration. 

Family Xiphiidaf 

58. Xiphias Radius (LinneJ: Mekaziki. 

A. Digestive system. 

Body elongate, compressed. Mouth large, horizontal. Jaws stretched 
and pointed, upper jaw very long, being over 4 times longer than the lower. 
No teeth in jaws, none on vomer, palatines, nor pharyngeal bones. Buccal 
cavity largo. Plicae palatinae not developed, smooth, forming net-work. 
Tongue large, semi-elliptic, thick, not free, somewhat hard, but smooth, no 
melanin chromatophores. Pharyngeal teeth and gill-rakers both ab.sent. Pharynx 
comparatively wide. 

Peritoneal cavity moderate in size, short, more or less compressed side- 
wise : few melanin chromatophores scattered on the peritoneum. Oesophagus 
short and wide, walls thick, mucous membrane of which forming fine obscure 
longitudinal folds. Stomach large, fusiform. Contrary to the cardiac and 
pyloric parts being exceptionally short, the blind sac is wide and cylindrical, 
presents i-shapi', walls thick and stand stretching. Situated at the lower part 
of the stomach is the pars pylorica, mucou.s membrane forming rather deep, 
zigzag, longitudinal folds. Duodenum at the end of the stomach connects 
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Fig M \iphws f^ladtus \ I oiui ju\ B ( los-* nation of pvloru ippt luldi,! s ( 1 olds 

of mucous inombi me tif int< stiiie 


With the p>lori( part and, as shown, luns alon£» the p>loric appuidagcs one 
degree upwards and piesent a U shape tube flat whcie it goes around the 

upper right of the stomach (not as wide as that of Makmia mrtsukurti 

mucous membrane obscure Intestine differs quite mateiiallv with that of 
Makana mihukurn already stated and, as illustrated, presents a zig/ag (almost 
coiling), namely, it makes 15 to 20 shoit turnings, succeeded to this is the 
lectum which is the thickest pait of any of the intestine Rectum located 

light in front of the anal fin and oiiens to the anus Wall of intestine thick, 

but the intestine itself rather nafrow, total length of which a little shorter 
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than the body length, about 2.8 in and 3 in d--o; rather long papillae 
grow closely together on the folds of the mucous membrane of the middle 
intestine and rectum. Mesentery well developed. Pyloric appendages similar 
to those of Makaira, a mass of small clusters covered entirely with a membrane, 
the illustration showing the sectional parts. They locate at the lower right 
of the stomach. 

Cuvier (1809) repf»rted that the intestine of this fish was long and had 
thick walls, and Jacobshagen (1911) said that the stomach was a long round 
sac with thick wall, and that the intestine made zigzag-like turnings, the 
wall being thick. Jacobshagen also pointed out the characteristics of the 
pyloric appendages. H. Nakamura (1938) wrote a little about the intestine of 
this fish but failed to mention its characteristic winding. 

Liver, small, consists of imperfect left and right lobes, rather thick, 
located in front of the pyloric appendages. Gall-bladder rather large, long 
.siic, the end extending to the middle of the stomach. Ductus choledochus 
moderately long. Spleen situated between the duodenum and the middle 
intestine, moderately large, flat somewhat. Air-bladder large, fusiform. 

B. Feeding Habits. 

This being a cosmopolitan fish, it has had many reports written about 
its habits. But of its many habits, attention was drawn principally to its 
feeding habits and the fact that it attacked whale and fishing boats with its 
stretched jaws. Regarding the latter, as remarked in the previous chapter 
under ‘‘Historical Review^’, Josselyn (1674), Koelpin (1770-1771), Thompson 
(1844), Gray (1871), Wilcox (1887), Maclaren (1909), Boulenger (1931), and 
H. Nakamura (1938), all reported on this, but as this differs somewhat from 
feeding habits, 1 am not taking it up here. The feeding habits of this fish 
have been roughly described hitherto in popular and text-books, but 1 am 
inclined to think that the report of Goode (1880) was the first and oldest 
scientific paper to discuss this subject. He' says that he obtained small fishes 
and squids from the stomachs of Xiphias gladius which he had collected at 
Seaconnet, America, in 1875. According to him, the common food of sword¬ 
fish in the western Atlantic Ocean is fishes. As to the manner in which it 
obtained food, he said that it approached schools of fishes body upstraight, 
and with its stretched jaws pierced its prey or threw them into the air, only 
to devour them. Clark (1884) reported that the stomachs of swordfishes 
collected in the waters of Cape Cod and Gulf of Maine contained squids, 
skipjacks, dogfish, mackerels and herrings. In a recent book by Walford 
(1937), he wrote that this fish fed on schooling fishes like mackerels, barracuda, 
sardines, flying-fish, anchovies, herrings and squids. 

I made examinations of the stomach contents of Xiphias gladius collected 
in 3 or more different fishing grounds and found that all of them had 
eaten animals, mainly fishes, which were to be found in deep-sea where there 
were rocks and stones. In contrast with the results of various studies by the 
above mentioned scholars, it would seem that this fish fed on fishes near the 
surface of the ocean which migrate from place to place, and at the same time 
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Table 17 


Stomach contents of Xiphias gladius 


Date 


Jan. 30, 
1936 

Jan. 25, 
1939 

Feb. 23, 
1939 


Locality 


Number 
#f 6 sh 


Bofly 

weight 


Unknown 


10 


35"49'N 
14r25'E 1 

34”16'N i 
14(m'E I 


I 

t 


78.97 


95.25 


iiodv 

length Stomach contents Remarks 

fem. 


_ Simagatuwo (Brama raii), lantern- 

hshes, squids, etc. 

^70 Itokiki-daraC7.,fle?wencmr/ morosum) 
^2 C 2 . 2 kg' 


Collected from 
' Kesennuma Fish- 
, Market 
Collected by 
S 6 y 6 Maru 


158 Bones of fishes, shrimps do. 


on deep-sea fishes which have their habitat near rocks and stones, which would 
indicate that the scope wherein it seeked its food, so to speak, was vertically 
long ; in other words, it found its food from the surface to the bottom of 
the ocean. In 1938, Matsubara announced the Itohiki-dara (Laemouema 
morosum) as a new species. And as showm in the table, 12 of tliis fish was 
found in the stomach of I swordfish which 1 examined. The fact that so 
rare a species which was not hitherto known to us, should be found, and as 
many as 12 in 1 swordfish, would indicate that the deep-sea fishes make school 
in the deeper layer. 


Family Coryfhaenidae 

59. Coryphaena hippurus (Linne) : Siira. 

A. Digestive System. 

Body elongate, much compressed. Head large, compressed; lower jaw 
slightly projecting. Mouth large (m-c being ca. 1/3 of head length), directed 
slightly upwards. Teeth in jaw.s conical and small. Mouth cavity moderately 
large, compressed ; small teeth on vomer and palatines, and pharyngeal bones. 
Tongue large, rectangular, thin, free, minute but rather sharp teeth on the 
surface (PI. Ill, Fig. 16). Gill-rakers short (the length being ca. 1/5 of 
corresponding gilbfilaments), tips blunt, coarse, 16 in average number. 

Peritoneal cavity compressed; oesophagus rather wide with thick wall, 
the folds of mucous membrane longitudinal. Stomach large, "l-shape; blind 
sac long; the mucous membrane of stomach consists of longitudinal serpen¬ 
tine folds. Intestine short (ca. twice as long as d-^a), winds twice, the wall 
thick, the mucous membrane consists of rather long papillary processes. No 
rectum. Pyloric appendages almo.st the same as those of the tunny, albacore, 
and swordfish, the bunches of small clusters being covered entirely with a 
membrane, situated at the left side of the stomach. Mesentery well developed. 

Liver large, thick, consisting of 2 lobes, the right lobe larger than the 
left, hanging over the stomach; gall-bladder very long, stretched to the end 
of the stomach. No air-bladder. 

B. Feeding Habits. 

The point of note of this fish is that while it is a migratory fish, it is 
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at the same time a fish that prefers shadowy places. For this reason, in 
Japan, to catch this fish, we place what we call the “ Siira-zuke ” (a piece of 
bamboo work, weaved together, which makes shadowy spots in the water, 
allowing us to catch the dolphins that gather there) in its pathway. 


Table 18 

Stomach contents of Coryphaem hippurus 





Body 


Date 

Locality 

ienffth 

Stomach contents 




(cm) 


June 19, 

1935 

Adjacent waters of 
Smith Island 

75 

Sardines, cuttle-Bshes 

11 


.1 

78 

Sardines, Lepas sp. 




80 

Sardines, Lepas sp., cutfle-Bshes 




80 

Lepas .sp. 

f I 



84 

Lepas sp. 




90 

Sardines, cuttle-Bshes 

June 27, 

1938 

3r 47' N 

132" 05' E 

93 

Sardines 

June 29, 

1938 

: 

105 

None 



_ 

120 

Sardines, cuttle-Bshcs 

June 7, 

1938 

Off the coast off 
Miyazaki Pref. 

-- 

j Flying-fish 

June 9, 

1938 

•* ' 

— 

! None 

June 12, 

1938 

Off the coast of 
Tosa Pref, 

— 

Flying-fish 


On analyzing the stomach contents of the samples which 1 found around 
a floating log while out on one of the bonito fishing boats off the coast of 
Izu and those which Mr. M. Uda kindly obtained for me from the coast of 
Miyazaki Prefecture, I found that they were not only carnivorous but very 
voracious (there were some that had swallowed whole a large flying-fish). At 
the same time, as is the case with migratory fishes, it very often happens 
that it does not come in contact with its prey, in which case it feeds on 
Lepas and the like which are found on the logs afloat in the shadows of 
which it likes to hide itself. 


Family Bramidae 

60. Brama raii (Bloch): Simagatuwo. 

A. Digestive System. 

Body elongate, compressed, very thin. Mouth moderately large (m-c be¬ 
ing ca. 1/2.2, m-b being ca. 1/4.2 of head length), directed very obliquely 
upward; lower jaw projects very much beyond the upper; jaws armed with 
2 rows of somewhat slender, pointed, small teeth, the band being a little 
broader at the terminal; teeth on vomer and palatines minute ; no lip. Buccal 
cavity small. Palatal mucous membrane black ; Plicae palatinae smooth. Tongue 
large, semi-elliptic, moderately thick, free, black, rather soft and smooth. 
Pharyngeal teeth rather large, larger than the jaw teeth, closely set on the 
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3 sets of the upper and one set of the lower 
pharyngeal bones. 

JPeritoneal Ccivity diciform, not large; 
peritoneum silvery. Oesophagus short. Sto¬ 
mach large, i-shape; cardiac and pyloric parts 
short; blind sac large. Cardiac part broad 
but pyloric part round, narrows and short; 
wall thick; folds of mucous membrane longi¬ 
tudinal and papillary. Intestine short (total 
length 1>eing ca. 2.2 times d--a), making 2 
turns, wide, wall thick; folds of mucous mem¬ 
brane double net-work; no difference between 
the duodenum and the rectum, covered with 
numerous veins; mesentery pretty well de¬ 
veloped : anus situated between the ventral 
and anal fins. Pyloric appendages characteristic, 
namely, 2 of the 5 appendages very large 
and long, the remaining 3 small and short. 

Liver not large, 2 lobes, left lobe larger than the right, hangs over the 
oesophagus. Gall-bladder a narrow tube; Ductus choledochus short. Pancreas 
well developed, located below the stomadi, between the pyloric appendages 
and along the intestine. No air-bladder. 

B. Feeding Habits. 

As may be seen from the Table 19, Brama raii is a real carnivorous 
fish, having rather voracious habits. And judging from the fact that the 
stomach contents consist of the fishes such as Bentenia aesticola or Cottidae, 
it would seem that this fish lives usually near rocks in pretty deep waters. 
1 think that it is worth noting that it is frequently attacked by swordfishes 
and tunnies. 



Fig. 88. Brama raii. Folds of 
miirous membrane of mtestino. 
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Table 19 

Stomach contents of Brama raii 


Date i 



Body 1 Body 

i 

Locality 

Sex 

weij^htl length 

Stomnrh contents ’ Kemarks 

• . ' 



fg'j ! (dll') 


May 15. 1935! 

Ofl the coast 
of Kisyfi 


1175 ; .5.5.7 

Young hshes of Hentenuwo 
''Bentema aesticnla). etc i 

1 

- 

•? 

1201 j 61.4 

Indistinct ' 

1 



H40 .36.9 

Hones of fishes, shrimps 

Apr. 4, 1939’ 

i 

Unknown 


825 .37..5 

Scolpms 'Cottidae . .:n:* 1 



-V 

92.5 31.5 

Sculpins, etc. : do. 


i 

^ 1 

i ^ ! 

k:55 ;«.() 1 do. <lo. 


Family Stkomateidae 

61. Psenopsis anomala (Temminck et : Ibodai. 

A. Digestive System. 

Body rather elongate, compressed. Head short, compressed. Mouth small 
(m-c being ca. 2/9 and m-b ca. 1/3 of head length), oblique: lower jaw a 
little longer than the upper. A row of villiform teeth in each jaw ; those in 
the lower somewhat larger than those in the ui>per jaw. Mouth cavity small; 
folds of the palatal mucous membrane longitudinal; no teeth on vomer and 
palatines. Tongue large, rectangular, .smooth, free, rich in melanin chromato- 
phores. Upper pharyngeal teeth rather sharp and numerous. Gill-rakers 
slender (the length being ca. 3/4 of corresponding gill-filaments), tips pointed, 
flat, coar.se, 20 in number of average. 

Peritoneal cavity compressed; a few m<4anin chromatophores scattered 
on the peritoneum. Oesophagus short, with thick wall. Preceding the 
stomach is a fore-stomach, peculiar to Stromateidae (the.‘<e remarks also appiv 
to Pampidae which is described in the next chapter); a kind of a stomach 
located between the oe.sophagus and the stomach: spherical and black, with 
a thick wall, mucous membrane of which chitinous, numerous columnar 
epithelium. Stomach rather large, i-shape. wall moderately thick, consisting 
of a cardiac part of normal length, a rather long blind sac, and an extremely 
short pyloric part; mucous membrane lO to 12 longitudinal folds. Intestine 
short, as illustrated, winds twice (the length being ca. thrice as long as d--a), 
wall rather thick, mucous membrane net-work at the beginning, (he relief fad¬ 
ing as it gets towards the end. Pyloric appendages very peculiar, as shown 
in the figure, like a pine-cone, the interior of which dividing into several 
chambers. 

Liver medium in size; consisting of a moderately large left lobe and a 
very small right lobe ; gall-bladder rather slender. 

B. Feeding Habits. 

From 1931 to 1937, as occasion presented, I examined the stomachs of 
a great number of this fish but on n(% occasion were there any stomach contents 
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Fig. iS9. Psenopsts anofnala A. Head. B Digestive tract 
Cf.s: fore-stomach). 


to be found. There was always a small quantity of gelatine-like substances, 
but otherwise the stomachs were practically empty. Such being the case, I 
could not ascertain for certain the chief food of this fish, but judging from 
its gelatine-like stomach contents and the fact that the construction of its 
stomach was similar to that of the species which will be discussed in the next 
chapter, 1 would contend that jelly-fish was its chief food, as in the case of 
the following species. 


h'amily Pampidae 

62. Stromateoidcs argentevs (Euphrasen): Managatuwo. 

A. Digestive System. 

Body greatly compressed; snout short; mouth small (m-c being ca. 1/7 
and m-b ca. 1/4 of head lengthj. Flat small teeth with rounded tips in each 
jaw. Mouth cavity small, compressed; no teeth on vomer and palatines. 
Tongue large, rectangular, free, smooth, and soft, rimmed on both sides; melanin 
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Fig. 9(). Stromateotde.s argcfiteus. A. Head. B., C, Digestive tract. 


chromatophores not many. Pharyngeal teeth 
minute. Gill*rakers moderately long (the length 
being ca. 1 '5 of corresponding gill-filaments), 
tips pointed, curved, 19 to 20 in number, 
process on a gill-raker few. 

Peritoneal cavity compressed: melanin 
chromatophores on the peritoneum very few. 
Oesophagus short but broad, wall thick. 
Fig. 91. Stromateoides argenteus. Succeeding the oesophagus a black fore-stomach ' 
Cross section of fore stomach. foregoing species, the form 
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and mucous membrane of which also being almost alike. The stomach of the 
foregoing species was i-shape, while the present one is a perfect U; 
mucous membrane with 6 to 7 longitudinal folds. Contrary to the very short 
intestine of the above species, the present one is extremely long (about 7 to 
10 times d-^a). It is to be noted that the intestine of this fish differs in¬ 
dividually, namely, some broad and short, and some narrow and long. Wall 
of the intestine thinner than that of the stomach; winds in the form of 
the letter 8; mucous membrane longitudinal serpentine folds. No clear dis¬ 
tinction between the middle inte.stine and the rectum, the anus opening just in 
front of the anal fin. Pyloric appendages long and rather narrow, about 600 in 
number, the bunch of appendages being located mainly on the left of the stomach. 

Liver large and thick, situated on the upper left of the alimentary canal; 
gall-bladder more or less elongate, located on the right side of the fore¬ 
stomach ; bile duct opening to the beginning part of the duodenum. Pancreas 
scattered collectively near the liver and the pyloric appendages. 

B. Feeding Habits. 

As this is a very expensive fish, 1 obtained only the guts of this fish 
from a fishmonger and studied them. (In studying its digestive system, need¬ 
less to say that I obtained several complete ones). It will be seen from the 
table that in each case, there were hardly any contents in the stomach, the 
same as in the case of the foregoing species, although there were some gelatinous 
substances and tentacles of medusa, which would indicate that the food of 
this fish specializes in medusa. 


Table 20 


Stomach contents of Stromateoides argenieus 


Date 

Feb. 13, 1933 
May 24, 1934 
.June 3, 1835 
Aug. 12, 1939 


Locality 

Toky6 Fish 
Market 


Yobimatu, Oka¬ 
yama Pref. 


i Number I Y ‘-ody 

I of fish ; 

I { (cm) 


i 10 I 20.7 

! 1 I 22.0 

I 15 ! 22.1 

i 7 I 25.4 


Stomach contents 


None.. 10/10 

Tentacles of medusa.. 1/4, none. .3/4 
Tentacles of medusa. .5/15, gelatinous 
.substances. .7/15, none. 3/15 
Gelatinous substances..4/7, none..3/7 


Family Carangidae 

68. Trachurus japonicus {'femminck et Schlegel): Maazi. 

A. Digestive System. 

Body elongate, compressed. Head moderately long; mouth medium in 
size (m-c being ca. 5/13 and m-b ca. 1/5 of head length); lower jaw trifly 
longer than the upper ; upper jaw protrusible. Teeth in jaws very fine. Mouth 
cavity moderately large; palatal mucous membrane longitudinal folds. Tongue 
tolerably large, rectangular, thin, free anteriorly, rich in melanin chromato- 
phores, in the middle partly armed with a band of very minute teeth. Tips of 
the pharyngeal teeth rounded, growing closely together on 1 set of the lower 
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Fig. 92. Trachurus japnniuux A. Digostivr traii. B. Stomach. 


pharyngeal bones and the 3 sets of the 
upper pharyngeal bones. Gill-rakers slender 
(the length being a little shorter than cor¬ 
responding gill-filaments), closely sot, tips 
pointed, 50 to 55 in number, process on a 
gill-raker numerous. 

Peritoneal cavity rather large: perito¬ 
neum black. Oesophagus rather narrow, 
folds of the mucous membrane longitudinal. 

Stomach i-shape, medium in size, wall rather 
thick; mucous membranes of the cardiac 
part and blind sac consist of about 12 longi¬ 
tudinal serpentine folds, the pyloric part 
having the thickest wall. Intestine rather 
short (the length being ca. thrice as long 
as d—-a), making 2 windings, forms the 
letter N or S, broad but the wall very 
thin, mucous membrane consists of longi¬ 
tudinal folds of papillary processes. Pyloric appendages long, 15 in number 
(4 of which situated on the left side of the stomach, the remainder on the 
right). 

Liver medium in size and in thickness, consists of 2 lobes, situated on 
the right and lower part of the stomach; gall-bladder long and slender. Air- 
bladder rather large and fusiform. 

Jacobshagen (1911) anatomized the digestive tract of Caranx trachurus 
and reported that the number of the pyloric appendages of this fish was 12 



Fig. 9H. Trachurus japoriicus. Folds 
ot intestinal mucous membrane. 
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(13, according to Meckel). Wakiya (1924) who studied the carangoid fishes 
of Japan, made no mention of the internal organs of this fish in his report. 
B. Feeding Habits. 

This is a coastal fish and found generally in the middle stratum of the 
sea where it is about 300 feet deep, sandy and rocky at the bottom. During 
daytime it dives deep but at night, especially when it is allured by a light, 
it comes up near the surface. 

In June 1933, I made a rough examination of the stomach contents of 
47 horse-mackerels, about 8 cm in body length, which Mr. I. Gensyo had 
collected by a fish-gathering lamp in Koaziro Bay, Kanagawa Prefecture, and 
found that everyone of them had stuffed its stomach with larval fishes and 
copepods. 

64. Decapterus muroadsi (Temminck et Schlegel): Muroazi. 

A. Digestive System. 

Body elongate, scarcely compressed ; snout rather long. Mouth moderate¬ 
ly large (m-c being ca. 1/4 and m-b ca. 1/6 of head length); lower jaw a 



little longer than the upper, the latter being protrusible. A series of minute, 
conical teeth in each jaw; very minute teeth on vomer and palatines. Tongue, 
medium in size, triangular, thin, free, armed with very minute teeth, melanin 
chromatophores scattered on the surface. Pharyngeal teeth trifly larger than 
the above-mentioned species. Gill-rakers long (the length being ca. 4/5 of 
corresponding gill-filaments), flat, tips pointed, closely set, 46 to 48 in number. 

Peritoneal cavity rather large, elongated; peritoneum black. Stomach i- 
shape; blind sac long, the cardiac and pyloric parts being very short; wall 
thick; folds of the mucous membrane longitudinal. Intestine rather short 
(the length being thrice as long as d-wa), winds twice, mucous membrane 
consisting of longitudinal folds of papillary processes. Pyloric appendages long, 
18 to 24 in number. 

Liver small, poly-lobed, located below the duodenum. 

B. Feeding Habits. 

On June 11, 1933, when I examined 50 of these stomachs obtained 
from a fishmonger, I found that most of them had eaten a stomachful of 
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larval fishes {Seriola?). I am told that this fish is more voracious and carni¬ 
vorous in its feeding habits than those of the above-mentioned species. 

65. Alectis ciliaris (Bloch) : Itohikiazi. 

A. Digestive System. 

Width of body nearly equal to its length, body very much compressed; 
anterior 7 rays of soft dorsal and 5 of anal exceedingly produced, their 
first rays being much longer than twice the length of the body. Mouth small 
(m e being ca. 1/4 of head length), directed slightly upwards. Teeth in jaws 
very minute, growing in bands. Mouth cavity large, compressed; vomer and 
palatines armed with villiform teeth; tongue small, triangular, rather thin, 



Fig. 95. Alectis ciliaris. A. Head. B. Phaiyngeal teeth. C. Digestive 
tract. D. Liver. 

lacking in melanin chromatophores, armed with villiform teeth. Pharyngeal 
teeth small but stout. Gill-rakers rather long (the length being ca. 2/3 of 
corresponding gill-filaments), flat, closely set, 20 in number of average. 

Peritoneal cavity smsdl, compressed sidewise but diciform; peritoneum 
rich in melanin chromatophores. Stomach rather large, consistmg of a long 
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cardiac part, a short blmd sac and a short pyloric part, wall rather thick; 15 
to 16 longitudinal folds, between which are numerous short papillae. Intestine 
short, wall rather thin, winding once, draws a circle from the duodenum to 
the anus ; mucous membrane longitudinal folds with papillary processes. Pyloric 
appendages short, about 30 in number, spreading out in all directions. Mesentery 
well developed inside the circle which the intestine itself draws; blood vessels 
and pancreas are well distributed on this part. 

Liver large, consists of 2 lobes, the left being much larger than the 
right, and covers the cardiac part of the stomach and the middle part of the 
intestine diagonally; gall-bladder long. Air-bladder large and long. 

B. Feeding Habits. 

This is a rare species and cannot be found often. But through the 
courtesy of Prof. A. Miyamoto and the assistance of Mr. H. Yamamoto, 1 
was able to obtain the results of study shown in the table. 


Table 21 


Stomach contents of Alectis ciliaris 


Date 


Aug. 3, 1931 
Sept., 1934 


Locality 

Number 
of fish 

Mito, Si/.uoka Pref. 

10 

Katuura, Tiba Prof. 

1 

1 5 

' I 


Body "j 

length 1 Stomach contents 

j 2 _ g 0 I Larval fishes, Thysanoessa 

* ‘ i gregaria^ etc. 

9.7'^10.4] Eggs of cuttle-fishes, etc. 


66. Seriola quinqueradiata (Temminck et Schlegel) : Buri. 

A. Digestive System. 

Body elongate, compressed. Snout pointed, conical. Mouth medium in 
size (m-c being ca. t/13 of head length). A band of minute conical teeth in 
each jaw (PI. I, Fig. 1). Mouth cavity rather large; vomer and palatines 
armed with minute teeth; tongue medium in size, triangular, free, tip blunt, 
thin anteriorly, lacking in melanin chromatophores, teeth on the surface 
rudimentary. Pharyngeal teeth rather small and tips blunt, closely set on the 
3 sets of the upper and 1 set of the lower pharyngeal bones. Gill-rakers 
long (the length being le.5S than 2/3 of corresponding gill-filaments), rather 
broad but fiat, tips blunt, closely set, 28 to 32 in number, process on a gill- 
raker numerous (FI. IV, Fig. 10). 

Peritoneal cavity rather elongate; oesophagus broad with thick wall, folds 
of the mucous membrane longitudinal; stomach a long sac, i-shape, wall 
thick; blind sac long and the pyloric part very short, oval; folds of the 
mucous membranes of the cardiac part and blind sac longitudinal, while those 
of the pyloric part net-work. Development of blood vessels conspicuous on 
the stomach. Intestine moderately wide, wall thick, winds twice as shown in 
the figure, the length being about thrice as long as d’^a; mucous membrane 
furnished with numerous papillary processes like those of the dolphin(P 1. XI, 
Fig. 24).. Pyloric appendages moderately long, 250 to 300 in number. 
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Liver rather small, 2 lobes, covering the oesophagus, cardiac part of the 
stomach, and the anterior part of the pyloric appendages; gall-bladder a long 
sack, stretching along the intestine. 

I p.a 



B. Feeding Habits. 

Matuno(19I8) found in the stomachs of his material, collected off the 
coast of Knli Prefecture, in addition to sardines and mackerels, Acanthocppola 
whi<^h live at the bottom of a depth of over 500 feet. Otiai (1919, 1923) 
reported that according to the results he had obtained from his material 
collected off the coast of Tango, Kyoto Prefecture, they had eaten sardines, 
horse-mackerels, bonitos, mackerels, flat-fishes, cuttle-fishes, etc. and many were 
with empty stomachs. The Kanagawaken Fisheries Experimental Station(1922) 
found, after an examination of 21 of this species, approximately 1 meter 
long, that Clupeoid fishes constituted its main diet. Iti/.ima (1923) experimented 
with material collected from Toyama Bay, and found sardines, mackerels, 
cuttle-fishes, etc. as its stomach contents. According to Miura (1936) who 
made a thorough study of oecology with material obtained off the coast of 
Sizuoka Prefecture, sardines and cuttle-fishes constituted the chief food of 
this fish even at its young stage, viz., “ Inada It will be seen from the 

various studies mentioned above that this fish feeds chiefly on fishes near the 
surface. In fact, it migrates from coast to coast in pursuit of its prey. A 
friend of mine, fisherman H. Yamamoto, told me that it was not rare that 
a school of sardines came swarming into the bay driven by this fish. 

67. Seriola aureovittata (Temminck et Schlegel); Hiramasa. 

There is not much difference in the digestive system of this fish and that 
of the above species, except that the gill-rakers of the present species are a 
little less, numbering 20 to 21, and that the pyloric appendages are slightly 
broader, the number being 1/7 t)f the foregoing species, i. e., about 40. 

68. Seriola purpurascens (Temminck et Schlegel): Kanpati. 

The points of difference in the digestive system between that of S. quin- 
queradiata are that the gill-rakers of the present species number 16 to 20, 
while the pyloric appendages number about 60. 
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Cuvier and Valenciennes point out in their “ Histoire naturelle des pois- 
sons Vol. 3, that the number of pyloric appendages of the Genus Seriola 
differs according to the species, taking S. dumerili and S. rivoliana for their 
example. 


Family LEiOGNATfflDAE 

69. Ldognathus nuchalis (Temminck et Schlegel): Hiiragi. 

A. Digestive System. 

Body elliptic, very much compressed. Mouth terminal, small (m-c being 
ca. 1/5 and m-b ca. 1/4 of head length); jaws of equal length; premaxillary, 
as illustrated, can be moved backwards and forwards with a rather large range, 
enabling the mouth to protract and retract freely. A species with such a 
protrusible mouth is rare and is an item worthy of note insofar as the feed¬ 
ing habits are concerned. Jaw teeth villiform, a row in each jaw. Mouth 

cavity small; no teeth on vomer and palatines; tongue medium in size, rather 
narrow rectangular, soft, not free, no teeth and melanin chromatophores on the 
surface. Pharyngeal teeth small but strong and numerous, good enough to 
perform the work of grinding food. Gill-rakers moderately long (the length 
being trifly shorter than corresponding gill*filaments), rounded, soft, tips pointed 
grow apart, 22 to 23 in number, process on each gill-raker abundant. 

Peritoneal cavity very much compressed; melanin chromatophores rather 
densely distributed on peritoneum. Oesophagus rather long. Stomach a rather 
broad and rounded tube, no pyloric part, nor blind sac, wall thick, mucous 

membrane, short papillary processes constituting indistinct longitudinal folds, a 

valve divides the stomach and intestine. . Intestine long (the length being ca. 
6 times d--a), coils up forming a triangle, wall thick, mucous membrane 
about 15 distinct longitudinal zigzag folds. Mesentery well developed. I^loric 
appendages short, 2 in number. 

Liver large, 1 lobe, located on the left side of the digestive organs. 
Gall-bladder rather large, situated near the third turning of the intestine. 
Pancreas well distributed along the mesentery. Spleen located to the right of 
the stomach. Air-bladder large. 

B. Feeding Habits. 

When I examined the stomach contents of 37 samples (ranging in body 
length from 9 to 9.8 cm) collected at Miho, Sizuoka Prefecture, on August 
1, 1931 and 14 samples (10.2 cm in average) at Kituki, Oita Prefecture, 
on June 27, 1936, the first lot had eaten bottom animals consisting primarily 
of Isopada and clam-worms, while the latter had fed on Amphipoda, fragments 
of shells, and sea-weeds. From my assumption, it would seem that this fish 
makes good use of its peculiar protrusile mouth to take the small animal which 
live principally at muddy bottoms and among sea-weeds. 
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Family Trichodontidae 


70. Arcioscopus japonicus (Steindachner): Hatahata. 

A. Digestive System. 

Body elongate, much compressed. Mouth obliquely upwards, rather large 
(m-c being ca. 1/3, m-b ca. 1/6 of head length). A row of small conical 
teeth on each jaw. Mouth cavity compressed sidewise; minute teeth on palatines, 
but none on vomer. Tongue trianguloid, rather large, free anteriorly, thick, 
a few melanin chromatophores scattered on the surface. Rows of bluntly 

pointed teeth on pharyngeal 
bones. Gill-rakers long (a 
little shorter than correspond¬ 
ing gill-filaments), tips pointed, 
flat, closely set, 20 in average 
number, processes numerous. 

Peritoneal cavity medium 
in size; a few melanin chro¬ 
matophores scattered in the 
peritoneum. Oesophagus short; 
stomach i-shape, blind sac 
large and spherical. The 
mucous membrane of stomach 
consists of 7 to 8 longitudinal 
serpentine folds, and there are 
net-work folds between them. 
Intestine not long (the length 
being ca. 3.5 times d-^a), 
curves once, and bends twice, 
wall thin, the mucous mem¬ 
brane consists of slender longi¬ 
tudinal folds. Anus opens just 
in front of the anal fin. Pyloric 
appendages broad and long, 7 
in number. 

Liver large, I lobe, locat¬ 
ed on the left side of stomach, 




Fig. 98. Digestive organs of Arctoscopus japonicus. 
A. Right side view. B. Left side view. 


thin. Gall-bladder spherical, medium in size. 

B. Feeding Habits. 

1 examined the stomach contents of 10 fishes which were obtained at the 
Tokyo Fish Market, on Feb. 7, 1937. The stomachs of almost all fishes 
were filled with small fishes or Schizopoda. 
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Family Oplegnathidae 

71. Oplegnathm fasciatus (Temminck et Schlegel): Lsidai. 

A. Digestive System. 

Body elongate, rather compressed. Mouth medium in size (m-c being a 
little longer than 1/4 of head length). The upper and lower jaws project 


c.p 



Fig. 99. Oplegnathus fasciatus. 



Fig. 100. Oplegnathus fasciatus. A. Folds of mucous membrane of .stomach. 
B. The same of intestine. 
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slightly beyond the lips on account of the dense layers of teeth on the pre¬ 
maxillary and the dentary. The teeth of this fish are similar to those of the 
parrot-fish and a good example of polyphyodont (PI. I, Fig. 8). In this 
connection, I would strongly recommend reference to Hiyama’s (1934) report. 
Mouth cavity moderately large; tongue semi-circular, free anteriorly, soft and 
smooth, rich in melanin chromatophores. Pharyngeal teeth small and conical. 
Gill-rakers long (the length being ca. 2/3 of corresponding gill-filaments), flat, 
tips pointed, 20 in number of average. 

Peritoneal cavity large: no melanin chromatophores on the peritoneum. 
Stomach small, V-shape, the blind sac being very small. Wall of the stomach 
rather thick, mucous membrane consisting of 8 longitudinal parallel folds, be¬ 
tween which are some transversal folds as shown in the photograph. Intestine 
rather long (the length being ca. 6 times d—a), peculiarly twisted, rather 
wide, wall moderately thick, mucous membrane consisting of small but numerous 
papillary process. Pyloric appendages slender, branched, about 50 in number. 

Liver medium in size, thin, consisting of a large left lobe and a small 
right lobe, about 1/70 of the body weight. Gall-bladder a long sac, stretch¬ 
ing along the right side of the intestine from the right of the stomach. 
Pancreas between the winding of the intestine very well developed. 

B. Feeding Habits. 

According to Uchida (1926) and Hiyama (1934) who studied the life history 
of this fish, until this fish is about 30 mm in body length, it gathers around 
floating algae and feeds on the plankton, such as Copepoda, but after that, 
it leaves its former abode and swims about in the middle layer of the sea 
and feeds upon Copepoda and Amphipoda and gradually gathers around rocks. 
When it is more than 100 mm long,'it becomes omnivorous in its feeding 
habits, and when it is more than 150 mm, it hides behind rocks and takes 
hard food, such as Balanus and sea-urchins. It was pointed out by Hiyama 
that with these changes in its feeding habits, the teeth also underwent a great 
change, and I pointed out the interesting connection between the feeding habits 
of this fish and the development of its digestive tract (1935). 

72. Oplegnathus punctatus (Temminck et Schlegel): Isigakidai. 

Contrary to the striped body of the above mentioned species, especially 
at its young stage, the present species is dotted, which is the striking difference 
between these 2 species. There is, however, practically no difference in their 
digestive system and feeding habits. 

Family Mullidae 

73, Upenem bensasi (Temminck et Schlegel): Himezi. 

A. Digestive System. 

Body elongate, compressed. Head rather large, snout more or less point¬ 
ed. A pair of barbels just behind chin. Regarding to the barbel of this fish, 
Sato (1937) reported that it was formed of 2 layers, viz. epidermis and 
dermis, and among the epidermis cells, flask .shaped cutaneous taste buds were 
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Fig. 101. Upeneus brnsasi. A. Hoad. H. Gall-bladdei. (’. Digi*slive tract. 



Fig. 102. Upeneus bensasi, A. Cross section of barbel. xlOO. a. Epidermis; b. Dermis; 
c. Cartilage; d. Cuteneou.s taste buds; e. Bundles of nerve fibers. B. Transection 
through cutaneous taste buds which are imbedded among epidermal cells, x 300. (After 
Sat6). 
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imbedded numerously, and the most parts of the dermis were occupied by a 
large number of the bundles of the myelinated nerve fibres. Mouth large 
(m-c bang ca. 1/3, m-b ca. 2/7 of head length), lower jaw included; irregularly 
2-rowed minute conical teeth grow in jaws; the teeth on the vomer and 
palatines rudimentary. Buccal cavity rather small; tongue circular, smeJl, not 
free, the mucous membrane consists of the folds like the finger-lines, no 
melanin chromatophores. Small conical teeth grow coarsely on the pharyngeal 
bones. Gill-rakers moderately long (ca. 4/5 of corresponding gill-filaments), 
flattened and pointed, coarsely grown, 15-17 in number. 

Peritoneal cavity medium in size; peritoneum black. Oesophagus moderate¬ 
ly long and wide, the wall thick. Stomach V-shape (cardiac part and pyloric 
part both long but blind sac degenerated) ; the mucous membrane of the 
cardiac part assumes 6~7 of longitudinal folds, while that of pyloric part 
consists of papillary processes. Intestine rather long (the length being ca. 
twice as long as d--a), winds thrice, the wall thin, the mucous membrane 
consists of vein-like folds; rectum broader than the middle intestine. Pyloric 
appendages long and wide, 11~!4 in number. 

Liver rather large, thick, consisting of 2 lobes (the right being larger 
than the left), located below the anterior part of stomach. Gall-bladder rather 
long, medium in size; bile duct long. Air-bladder large. 

B. Feeding Habits. 

It will be seen from the following table that this fish feeds chiefly on 
the bottom living creatures such as the shrimps, clam-worms or amphipods, 
and it scarcely takes food during its spawning season. 


Table 22 

Stomach contents of Upeneus bensasi 


Date Locality 

# 

Number 
of fish 

Body ' 
length 

( cm) 

Gonad 

i 

1 Stomach contents 

Remark 

.June 21, Simizu, Sizuoka 
1935 Pref. 

5 

8.8—10.1 ' 

.. ^ half- 
' ’ ripe 

Cranpion^ Amphipodai 

• 

June 17, Og6ri, Yamaguti' 
1936 Pref. 

2() 

8.5—12.0 

4:16 ripe 

1 

None 


May 8, Aziro, Sizuoka i 
1937 Pref. * 

3 

j 

\ 

f . 1 

— . unripe 

CragOy Nereisf etc. j 

Collected by 
Mr. S. Miyauti 


Family Cepolidak 

74. Acanthocepola krusentemi (Temminck et Srhlegel) : Akatati. 

I observed the construction of the digestive system and the contents of 
stomach of the fish, weighing 67 g; the length measuring 30.9 cm, which I 
collected from the adjacent waters of Tomo, Hirosima Pref. on March 23, 1936. 
A. Digestive System 

Body very long, very much compressed. Head small, compressed; mouth 
large (m-c being ca. 2/5, m-b ca. 1/3 of head length), slightly oblique upwards; 
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J 


teeth in a single wide-set row in each jaw, rather long and canlne-like, tips 
blunt. Mouth cavity small, compressed; no teeth on vomer and palatines. 
Tongue moderately large, triangular, free, thick, smooth, no melanin chromato- 
phores. No pharyngeal teeth. Gill-rakers long (a little longer than corres¬ 
ponding gill-filamtmts), slender, coarsely grown, 36 in number. 

Peritoneal cavity very 
small in comparison with the ,p 

body; no melanin chromato- 
phores in the peritoneum. 

Oesophagus short. Stomach 
rather large V-shape, cardiac 
part twice as long as pyloric 
part, wall thick, the folds ol 

mucous membrane longitudinal. ^ / 

Intestine short (the length be¬ 
ing ca. twic<* as long as d^a), 
duodenum curves U-shape and 
middle intestine bends twice. 

The wall of intestine rather thick, the mucous membrane consists of longi¬ 
tudinal zigzag folds; there is a valve between the middle intestine and the 
rectum. Pyloric appendages short, 7 ni number. 

Liver consists of 2 lobes (the left one being larger than the righO, 
located below the cardiac part of stomach. Gall bladder ellip^-oid, medium in 
si/e. Air-bladder long, the wall thick, 

B. Feeding Habits. 

This fish seems to be voracious and carnivorous: the fish which I examined 
had taken fully small shrimps. 


Fifj 10 { Aranthocepola krubenstemi 


Family Branchiostegidak 

75. Branchiostvgiis japonicus iHouttuyn) : Akaamadai. 

A. Digestive System, 

Body elongate, compressed. Mouth medium in .size (m-c being ca. 1/3, 
m-b ca. 2/5 of head length), directed obliciuely upwards; upper jaw longer 
than the lower. Small canine teeth in a band in each jaw\ Mouth cavity 
moderate; folds of palatal mucous membrane longitudinal; no teeth on vomer 
and palatines. Tongue large, triangular, not free, mucous membrane covering 
the tongue a.ssumes longitudinal folds, no teeth and melanin chromatophores 
on the surface. Teeth which grown on 3 sets of the upper pharyngeal 
bones rather large and sharp. Gill-rakers short (the length being ca. J/3 of 
corresponding gill-filaments), tips pointed, flat, coarsely grown, 21 to 22, a 
few processes on each gill-raker (PI. IV, Fig. 8). 

Peritoneal cavity rather small, compressed. Oe.sophagus short and wide, 
wall thick, mucous membrane consists of about 20 longitudinal folds. Stomach 
small, curved I-shape (pyloric part almost degenerated), wall thick, mucous 
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membrane consists of longitudinal parallel folds {PI. VI, Fig. 4); cardiac part 
wide and blind sac narrow. Stomach clearly separated from duodenum by a 
valve inside. Intestine moderately long (the length being ca. thrice as long as 
d-^), winds several times as shown in the figure (a variation of N-form 
winding), the anterior part of intestine (or duodenum) wide, while the middle 
part (middle intestine) rather narrow. Rectum succeeds to middle intestine 
through double valves at their boundary. Folds of mucous membrane of the 
intestine very short papillae irregularly arranged, somewhat like the surface 
of a towel (PI. XII, Fig. 27), while those of the rectum longitudinal. Wall 
of rectum thick. Pyloric appendages 2, but they are so short and small that 
we sometimes overlook them carelessly. 


s 



Fig. 104. Branchitmtegus japonicun. 

Liver thick, 2 lobes, right lobe larger than the left, lifting the stomach 
from below; gall-bladder long ellipsoid. Mesentery well developed. Spleen 
small situated at the right below of stomach. Air-bladder large and wide. 
B. Feeding Habits. 

One of the 2 samples (30.1 and 31.4 cm in body length) which I had 
obtained from the Tokyo Fish Market on October 12, 1935 had eaten quite 
a lot of shrimps belonging to the family Penaedae but the other had an 
empty stomach. The stomachs of the 5 samples (ave. 24 cm) caught by Mr. 
S. Miyauti, with a net, off the coast of Aziro, Izu Peninsula, on May 8,1937 
contained horse-mackerels, gobies, cuttle-fishes, shrimps, clam-worms, and frag¬ 
ments of shell-fishes, and the 7 samples (about 26 to 29 cm) which I collect¬ 
ed off the coast Tateyama, Tiba Pref., on June 12 of the same year had 
eaten shell-fishes, shrimps and mud. Suzuki (1931) said that this fish had its 
habitat near muddy bottoms in rather deep waters, 50 to 60 meters in depth. 
For this reason, when the fish is brought to the surface, the air-bladder be¬ 
comes enlarged owing to the decline in pressure. The air-bladder thus enlarged 
presses against the stomach which, in turn, is turned out Into the mouth cavity, 
when consequently, the contents of the stomach are often thrown op. 
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Family Apogonidae 

76. Apogon lineaius (Temminck et Schlegel): Tenzikudai. 

A. Digestive System. 

Body oblong, compressed. Head large. Mouth large (m-c being ca. 2/5 
of head length), directed obliquely upwards. Villiform teeth on jaws, vomer, 
and palatines ; no canines Mouth cavity large, tongue rather large, trianguloid, 
flat, thick, teeth and melanin chromatophores both lacking on the surface (PL 
III, Fig. 3). Villiform teeth grow thickly on the upper and lower phar>mgeal 
bones. Gill-rakers long and slender (the length being a little shorter than 
the corresponding gill-filaments), tips rather pointed, closely sot, 19 in average 
number. 

Peritoneal cavity rather 
large; no melanin chromato¬ 
phores on the peritoneum. 

Stomach very large, Y-shape, 
consisting of small cardiac and 
pyloric parts and a very large 
blind sac; wall thick, folds of 
the mucous membrane longi¬ 
tudinal. Intestine rather short 
(the length being about 2.5 
times d-^a), moderately wide, 
wall thin and black, winds 
twice as shown in the figure ; 
mucous membrane consisting 
of short papillary processes. 

Pyloric appendages broad and 
long, I (rarely 5) in number, 

2 of which are located on the 
left side of the stomach and 
the remainder on the right. 

Liver incomplete 2 lobes, 
the left lobe being much larger 

than the right , gall-bladder Apogon Uneatus. A. Head. Digestive 

small ellipsoidal. Air-bladder tract, 

with thin wall. 

Points that require special mention regarding the digestive system of this 
fish are that the stomach and intestine are greyish black, while the pyloric 
appendages are black. Cuvier and Valenciennes said in their book that Apogon 
imberbis has 4 pyloric appendages (note that it is the same number as the 
present species). 

B. Feedihg Habits. 

This fish lives in schools near the muddy bottom of shallow places in 
bay and feeds on small Crustacea which are found there and sometimes on 
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very small larval fishes. This fish is known for sheltering its eggs in its 
mouth. Of the 24 that I examined, I came across 3 males that had swallowed 
the eggs which they were supposed to be sheltering. I also found that when 
the eggs matured and weighed 1/5 of the body weight, it ceased taking 
food. 


Table 23 


Stomach contents of Apogon lineatus 


Species 


Apogon 

lineatus 


I 


Date I 
Mar. 18, 1936 


Locality 


Imabari. Ebitne Pref. 


I June 18, 1936 
iOct. 9, 1938 


Ogftri, Yamaguti Prof. 
Kabaoka. Okayama 
Pref. 


A. semilineatuslNov, 4, 1934| 


lEnoura, Sizuoka Pref. 


Number 
of fish j 

Body j 
length ! 

1 

.58 

4.1~5.1 

161 

4.5^6.6 

30 

5.4--6.9 

11 

7.7—8.5 


Stomach content'? 


Isopoda, etc. 

Larval fislies CGobiidae; 
Zoea larvae, own eggs 
Zoea larvae, Noctiluca 

Small shrimps, own eggs 


77. Apogon semilineatus (Temminck et Schlegel): Nenbutudai. 

A. Digestive System. 

This species is almost the .same as the foregoing, except that some of 
them have 1 or 2 more gill-rakers and some that have a rather large right 
lobe of the liver. These may be given as the points of difference, but as I 
was able to examine only 11 of them, 1 am not in a position to give a 
definite statement. 

B. Feeding Habits. 

There are no material difference in comparison to the foregoing species. 

Family Scombropidae 
0 

78. Scombrops hoops (Houttuyn): Mutu. 

A. Digestive System. 

Body rather elongate, dorsal and ventral contours evenly rounded. Head 
elongate, pointed. Mouth not large (m-c being ca. 2/5 of head length), pointed, 
not very oblique. Lower jaw slightly projecting; premaxillary not protractile. 
Lips thin. Upper jaw with 12 sets of teeth in a row and 3 sets of large 
teeth in another row inside; lower jaw with 16 sets in 1 row and another row 
of»a set of small teeth outside. All teeth anchylosed, canine-like, very 
sharp, and curve slightly in. The size of teeth in both the upper and lower 
jaws about the same, but those in the middle of each row are larger than 
those in the front and back; the distance between each tooth is the same as 
the length of the tooth (PI. I, Fig. 3); about 40 small teeth on the vomer; 
20 to 30 teeth of approximately the same size on each side of the palatine in 
either 1 or 2 rows. Buccal cavity rather large; mucous membrane of oral 
cavity blackish blue. Plica palatinae not developed. Palate almost flat, hav¬ 
ing a few longitudinal folds. Tongue middle size, square, shovel-shaped, 
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concave towards the tip, very thin, free, rather soft, the same colour as the 
mucous membrane of oral cavity. 1 set of narrow teeth band on the tongue 
which joins to 2 sets on the copulae making in all 3 sets of teeth bands. 
Closely set conical teeth on the upper and lower pharyngeal bones, viz. 3 
sets, the front, middle, and back of pharyngeal teeth on the upper pharyngeal 
bone, and 1 set of narrow teeth band on the lower. Gill-rakers on the first 
arch number from 20 to 26 (the few at the front and back of which are 
rudimentary), long (a little longer than corresponding gill-filaments), rather 
flat, tips not pointed, vertical to the gill arch, coarse, 1 to 2 rows of 40 or 
50 processes on each gill-raker. Pharynx large, having a rather deep groove. 

Peritoneal cavity rather large, stretches just beyond the anus: melanin 



Fi.:. 10(i. Scombrops iwups. A, Cill-rakfrs. B. Jaw-teeth. C. Ciall-hUidder. t). Margin of liver. 


chromatophores absent in the peritoneum. Oesophagus short and broad, wall 
thick. Stomach moderately large, i-shape, blind sac about 3 times the 
length of the cardiac part; pyloric part about the length of the cardiac part; 
the thickness of these parts almost the same; wall of stomach thick, stand 
quite a bit of dilatation ; cardiac part and blind sac about JO wide longitudinal 
folds. Numerous veins cover the stomach. Intestine winds twice, forming the 
letter N, lower-right of the stomach ; duodenum not so wide; middle intestine 
succeeding the duodenum and running towai^ds the anus, makes a turn of 360® 
almost directly above the anus, assuming its course when it comes to tlie 
lower-right of the pyloric part, makes another turn of 360“ and runs towards 
the anal fin and opens just in front of the anus, the length of which being 
ca. 4/5 times body length, ca. twice o^-a and ca. 2.2 times d--a; narrow, 
wall thick; mucous membrane forming papillae on a zigzag foundation (PI. IX, 
Fig. 7); there is a valve between the intestine and the rectum ; mesentery 
poorly developed. Pyloric appendages large and long, 5 to 6 on the left side 
of the stomach and 7 to 8 on the right. 
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Fig. 107. Scotnhrops hoops. Folds 
of mucous membranes of in¬ 
testine and rectum. 


• Liver embraces from below the front half 
of stomach and a part of the pyloric appen¬ 
dages, small, contrary to the left lobe being 
long, the right is not well developed. Gall¬ 
bladder a long tube; Ductus choledocus also 
long; end of the gall-bladder extending to the 
first turning of the rtiiddle intestine above the 
anus. Pancreas distributed among the clusters 
of pyloric appendages and along intestine. 
Islets of Langerhans small, located at the be¬ 
ginning of Ductus choledochus, 3 to 6 in number. 
Spleen situated near the duodenum, moderately 
large. Air-bladder moderately large, wall thick. 
Genital organ growing big, often presses the 
intestine down. 

B. Feeding Habits. 

This fish belongs to the deep-sea fishes 
and in .summer lives at a depth of over 400 
fathoms, but in spring migrates to shallow 


waters less than 200 fathoms for spawning. The materials which I had handl¬ 


ed were collected in spring and showed the following stomach contents, as 


shown in Table 21. 


Table 24 

Stomach contents of Scombrops hoops 

( 

I ’’ Body Body ' 

Date 1 Locality length weight | Stomach contents 

I _(cm) ^ _ (g)_ i 

Apr. J93fi' Osaka Fish Market 59.9 I - [ Large number of lantern-fishes 

I 60.2 I - I 

Mar. 24, 1937| Tokyo Fish Market I 53,0 j — i Deep-sea shrimps 

‘ j 51..5 j -- i None 

Mar. 17, 1039j . 42.5 | 16-40 i Gono^tomidae 

,, j .. I -42.5 I IKKO ; IndLslinct 

.. ; 4-4.0 i 1940 I Rones of fishes etc. 


The re.sults of this examination showed that they consisted chiefly of 
deep-sea fishes, such as the lantern fish, or those which belong to Gonostomidae, 
and shrimps which evidently have their habitat near rocks, from which it may 
be seen that this fish takes these species for its staple food. It is worthy of 
note that it also takes its food during the spawning season. 
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Family Serranidae 

79. iMteolabrax japonictis (Cuvier): Susuki. 

A. Digestive system. 

Body elongate, compressed. Mouth moderately large (m-c being ca. 5/19 
and m-b 1/4 of head length); lower jaw slightly longer than the upper. Bands 
of villiform teeth on the jaws, vomer and palatines. Mouth cavity large; 
tongue rather large, long, triangular, free, no teeth but quite a lot of melanin 
chromatophores on the surface, especially along the edge. Pharyngeal teeth 
villiform, closely arranged on the 3 sets of the upper pharyngeal bones. 
Gill-rakers rounded and long (the length being trifly shorter than correspond¬ 
ing gill-filaments), tips blunt, grow apart, 20 to 24 in number, process on each 
gill-raker numerous. 

Peritoneal cavity moderately large, some melanin chromatophores on the 
peritoneum. Oesophagus short, wall rather thick. Stomach rather large, *1- 
shape; cardiac part broad; blind sac large; pyloric part short and small; 
wall of stomach thick; mucous membrane of the blind sac being particularly 
distinct and consisting of 7 to 8 wavy longitudinal folds. Folds of the blind 
sac connect with those of the pyloric part. Intestine rather short (the 
length being about twice d-^a), curves twice (in N-form type of winding), 
wall rather thick, mucous membrane net-work (PI. XI, Fig. 19), it being 
divided into the middle intestine and the rectum by a valve. Anus opens 
just in front of the anal fin. Pyloric appendages rather short and slender, 
almost of the same length, located on the left side of the stomach, 15 in 
number. 

Liver 2 lobes, the left being much larger than the right, lifting the 
stomach from below. Gall-bladder ellipsoidal; cystic duct fairly long. Spleen 
small, located near the second turning of intestine. Air-bladder long and rather 
large, wall thick. 

B. Feeding Habits. 

1 could not obtain enough material to ascertain the feeding habits of this 
fish, but on examination of the stomach contents of 12 fishes (24.3 to 25,4 cm 
in body length) collected from the adjacent waters of Ogori, Yamaguti Pre¬ 
fecture, in July 1936 and 7 fishes (30.1 to 32.8 cm in body length) collected 
around Kurihama, Kanagawa Prefecture, in August 1938, I found small fishes, 
crabs, clam-worms and sea-weeds, principally Zostera^ from the first lot and 
Euphausia, small-fishes and fish eggs from the latter. It would therefore 
seem that the adults of this species arc found in the middle stratum of the 
sea where there are sea-weeds and feed on the many small animals there¬ 
abouts. According to anglers, this fish eats principally at night. The young 
enters the river in summer and goes in energetic pursuit of food. 

80. Bryttosus kawamebari (Temminck et Schlegel): Oyanirami. 

A. Digestive System. 

Body oblong, moderately compressed. Mouth large (m-c being ca. 1/3, 
m-b ca. 2/7 of head length), directed obliquely upwards ; jaws almost equal. 
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Villiform teeth in bands in jaws and on vomer and palatines, some of the 
anterior teeth in both jaws slightly enlarged. Tongue medium in size, elliptic, 
free, no teeth, with a few melanin chromatophores. Pharyngeal teeth villi¬ 
form, grow densely on 3 sets of the upper pharyngeal bones. Gill-rakers 
broad and short (about half the length of corresponding gill-filaments), 7 in 
number, flat, coarsely grown. 




p.a 

H 

Fig. 110. Bryttosus kawameban. A. H«*ad. B. Digestive tract. 


Peritoneal cavity moderately large; blood vessels densely distributed on 
peritoneum (no melanin chromatophores). Oesophagus rather long and broad. 
Stomach medium in size, Y-shape, wall thick, mucous membrane consists of 
longitudinal folds and transversal folds between them. Intestine short (the 
length being ca. 1.4 times d—a), winds U-form, wide, mucous membrane 
consists of net-work folds. Pyloric appendages rather short, 2 in number. 

Liver large, 2 lobes, left lobe larger than the right; gall-bladder small 
and ellipsoidal. Air-bladder elongated. 

B. Feeding Habits. 

This is a fresh-water fish found in various rivers in southern Japan. In 
the August 18th, 1935 issue of the Tokyo Nitiniti Sinbun, there was an inte- 
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resting article on the feeding habits of this fish by Mr. Takizawa. 

According to his observation of those he cultures in an aquarium, he has 
to keep a very close eye on the females as they devour the young. The 
interesting part of it is that the males watch over the young and when the 
females approach to eat them, they make a furious attack in an attempt to 
protect them. 

81. Stereolepsis ischinagi (Hilgendorf): Isinagi. 

A. Digestive System. 

Body robust, moderately compressed. Mouth moderately large {m-c being 
ca. 1/3 of head length); upper jaw slightly longer than the lower. Teeth in 
broad villiform bands on jaws, vomer and palatines. Mouth cavity rather 
large; tongue medium in size, long rectangular, thin, free anteriorly, smooth, 
a few melanin chromatophores on the surface. Pharyngeal teeth densely grown, 
slightly longer than those of jaws. Gill-rakers short (shorter than correspond¬ 
ing gill-filaments), stout, flat, coarsely grown, 11 to 12 in number. 



Stomach large, i-shape, wall thick, the folds of mucous membrane longi¬ 
tudinal. Intestine moderately long (the length being ca. 2.8 times d—a), 
winds twice, wall rather thick, mucous membrane consists of net-work folds 
(PI. X, Fig. 15). Intestine divided by a valve into the middle intestine and 
the rectum. Pyloric appendages moderately long and broad, tips blunt, 12 
in number. 

Liver rather small, 2 lobes, thick, left lobe larger than the right; gall¬ 
bladder long ellipsoid. Spleen rather large, located near the blind sac of 
stomach. Air-bladder elongate. 

B. Feeding Habits. 

This fish is found in almost all parts of Japanese waters but northern 
Japan has the largest production. Generally, it is found among the rocks 
in a depth of 400 to 500 meters, but from May to June, at the spawning 
season, it migrates to rocks in shallow waters. Fishermen use rods or long- 
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line to fish them at this time, using cuttle-fish, mackerel, flat-fish and sardine 
for baits. 

When I examined the stomach contents of those (2 of them — 43 kg, 108 
cm, 22.4 kg, 81cm, caught on May 19th, 1936 off the coast of 
Tyosi, Tiba Pref., the bigger one had eaten 5 cuttle-fishes, about a foot long. 
The stomachs of the samples examined by Mr. H. Matida of the Hiyama 
Branch of the Government of Hokkaido caught on July 8th, 1939 around 
Esasi, Hokkaido, contained mostly bottom fishes. This information was con¬ 
tained in a letter from Mr. Matida who made this examination specially for 
me. 

82. Epinepheltis septernfascicdus (Thunberg): Mahata. 

A. Digestive System. 

Body elongate, compressed. Mouth large (m-c being ca. 1/3, m-b ca. 1/2 
of head length), slightly oblique upwards; lower jaw a little longer than the 
upper. Teeth small and canine in 2 or 3 rows on each side; there are 
hinged teeth too, those on vomer and palatines villiform. Tongue, contrary 
to the size of the mouth cavity, is extremely small, semi-elliptic, free, moderately 
thick, melanin chromatophores on the anterior part, and no teeth on the 
surface. Mm. hypobranchiales extra well-developed. Somewhat large pharyn¬ 
geal teeth grow close together on 3 sets of the upper and 1 set of the lower 
pharyngeal bone^^ Gill-rakers short (the length being approximately the same 
as corresponding gill-filaments), flat, tips pointed, grow apart, 31 in number 
of average, process on each gill-raker being numerous (PI. IV, Fig. 7). 

sp 



p,a 

Fig. 112. Epinepfielus septemfactatus. 

Peritoneal cavity rather large; no melanin chromatophores on the perito¬ 
neum. Stomach large, i-shape, wall thick, mucous membrane longitudinal 
serpentine folds; pyloric part small. Intestine longer than any of the species 
mentioned above, belonging to Serranidae (the length being ca. 3.5 times 
d~a) and winds as illustrated (may be considered a transformation of the N- 
form type of winding), wall rather thick, mucous membrane irregular and 
distorted folds which appear to form a kind of net-work. End of the intestine 
is the rectum divided by a valve. Pyloric appendages in a oblong bundt. 
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150 to 160 in number. 

Liver large, thick, 2-lobed, the left being the larger lobe, lifting the 
stomach from below; gall-bladder small, a rather long ellipsoid. Air-bladder 
large, located at the upper back part of the peritoneal cavity. 

B. Feeding Habits. 

When I examined the stomach contents of 5 samples (2l.6c*m in body 
length and 405 g in body weight in average) caught at Mito, Sizuoka Pref. 
in November 1934, they consisted of fish bones, worms and sea-weeds. As 
my investigation is based upon so little material, I am unable to say anything 
definite about its feeding habits, but I am inclined to think that they differ 
quite materially to those of Lateolabrax japonicus. 


In connection with the digestive organs of serranoid fishes, Jacobshagen 
(1919) examined those of Serranus cabrilla and found that it had a wide 
stomach with a thick wall, an intestine with also a rather thick wall, and a 
valve which divided the middle intestine and the rectum, and 6 pyloric appen¬ 
dages. Eggeling (1908) said that «S. cabrilla had a long intestine with a thick 
wall, and that the pyloric appendages numbered 9. In Vol. II of Cuvier 
and Valencienne’s book, the stomach wall of Epinephelus gigas is described 
as being thick and the pyloric appendages as numbering 19 to 20. It is 
interesting to note that while there is very little difference in the description 
given by those mentioned above and mine, only the number of the pyloric 
appendages seems to differ according to their species, even though they come 
from the same family. 


Family Sciaenidae 

83, Nibea miisukurii (Jordan et Snyder): Nibe. 

A. Digestive System. 

Body oblong-elongate, rather compressed. Mouth medium in size (m-c 
being ca. 2/7, m-b ca, 1/4 of head length), protrusile; upper jaw a little 
longer than the lower; lips rather wide but thin; teeth in each jaw in a 
narrow band, outer series of upper jaw te^th and inner series of the lower 
large. Mouth cavity moderately large; no teeth on vomer and palatines. 
Tongue large, rectangular, thin, free, orange in colour (PI. Ill, Fig. 7). 
Pharyngeal teeth robust, tips blunt, coarsely grown. Gill-rakers rather long 
(the length being ca. 2/3 of corresponding gill-filaments), flat, tips pointed, 
22 to 27, process on each gill-raker numerous. 

Peritoneal cavity moderately large. Oesophagus short but wide, wall 
thick. Stomach rather small, i-shape; blind sac long; mucous membrane of 
blind sac consists of about 10 longitudinal serpentine folds, while those of 
cardiac part and pyloric part net-work. Intestine broad, short (the length 
being ca. 1.2 times d^a), wall thin, making 2 short windings, folds of the 
mucous membrane longitudinal (PI. IX, Fig. 2), but the surface almost 
flat. Pyloric appendages broad and short, tips blunt, 5 in number. Accord- 
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ing to Cuvier and Valenciennes, Sciaena aquila has 10 pyloric appendages. 

Liver small, 2 lobes; galbbladder very long, stretching along the intestine. 
Pancreas diffused between the stomach and the intestine. Air-bladder large, 
wall very thick. 

B. Feeding Habits, 

I examined the stomach contents of 16 fishes (28-12 cm) which were 
collected from the Tokyo Fish Market, on May 19, 1936. 3 of which had 
taken the Japanese tongue soles, viz. Rhinoplagusia japonica, and 2 of which 
certain larval fishes in their stomachs. 

84. Nibea argentata (Houttyn): Isimoti. 

A. Digestive System. 

Mouth rather large (m-c being ca. 3/7 of head length), protrusile; lower 
jaw slightly included when the mouth is closed. Teeth in jaws small, in bands ; 
no teeth on vomer and palatines. Tongue large, triangular, free anteriorly, 
rudimentary teeth on the surface, no melanin chromatophorc. Pharyngeal 
teeth almost the same as the foregoing. Gill-rakers short (the length being 
ca. 1/4 of corresponding gill-filaments), flat, tips rather pointed, coarse, 13 to 
18 in number. 



I 

Fig. 114. Nibea argentata. A. Tongue. B. Digestive tract. 


Peritoneal cavity moderately large; melanfti chromatophores scattered on 
peritoneum. Stomach i-shape, rather small, wall rather thick, mucous membrane 
consists of longitudinal serpentine folds. Intestine short, having the charac¬ 
teristic winding, as in the case of the above-mentioned species, wall moderately 
thidc, mucous membrane has few folds. Pyloric appendages large, 3 in num- 
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ber, 2 of which longer than the rest. 

Liver rather long but thin, 2 lobes; gall-bladder long and slender. Air- 
bladder large, wall thick. 

B. Feeding Habits. 

This fish is a bottom feeder. It feeds usually on the shrimps and the 
clam-worms. 

Family Sillaginidae 

85. Sillago sihama (Forskal): Kisu. 

A. Digestive System. 

Body elongate, slightly 
c B compressed. Mouth small (m-c 

being ca. 2/13, m e 3/13 of 
head length); premaxillary 
more or less protrusile; upper 
jaw a little longer than the 
lower. Teeth in jaws minute, 
in narrow bands. Mouth cavity 
rather small, minute teeth on 
vomer but none on palatines. 
Tongue medium in size, trian¬ 
gular, thick, free anteriorly, 
small papillary processes on 
the surface, no melanin chro- 
matophore (PI. Ill, Fig. 1), 
Mm. hypobranchialcs well- 
developed. Minute conical 
teeth on each of 3 sets of upper 
pharyngeal bones, and small 
ones in 3 rows on 1 set of 
lower pharyngeal bone. Gill- 
rakers short (the length being 
ca. 2/7 of corresponding gill- 
filaments), slender, tip pointed, 
13-14 in number, process on 
each gill-raker few (PI. IV, 
Fig. 6). 

Peritoneal cavity rather 
I I small; peritoneum silvery and 

Fig. 115. sutago A. Mouth. B. Digestive "ch in melanin chromatophores. 

tract. Ventral side. C. Stomach. OesophagUS short With thick 

wall, mucous membrane consists 
of 10 longitudinal folds. Stomadi small, i-shape, consists of rather long 
cardiac part, long blind sac and short pyloric part, wall rather thick, mucous 
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membrane consists of about 10 longitudinal serpentine folds (PI. VI, Fig. 7). 
Intestine short (the length being ca. 14 times d^a), narrow, winds twice, 
wall rather thin, the folds of mucous membrane net-work. Pyloric appendages 
4, and 1 of which longer than the rest. 

Liver rather large, 2 lobes, located on the left ventral of stomach. Pancrese 
well-developed, locating between the pyloric appendages and the turning part 
of intestine. Air-bladder large, wall thick. 

B. Feeding Habits. 

Judging from the analysis of the stomach contents, it would seem that 
this fish is bottom feeder. 


Table 25 


Stomach contents of Sillago sihama 


Date 

1 

j Lorality 

1. 

Number 
of fish 

[Av. body 
length t 
(cm) ' 

Stomach contents 

Aug. .3, 1928 

1 

1 Misaki. Kanagawa 

1 Pref. 

10 

— 

Nereis sp., young squill, certain Isopoda, 
ete. 

Sept. 15, 1931 

i 

1 Bay of Tokyo 

i _ _ _ ‘_ 

20 

16.4 : 

Eupagurus sp., Thelepus sp. (Polychaeta), 
Nereis sp., sand particles 


86. Sillago japonica (Temminck et Schlegel): Awogisu. 

A. Digestive System. 

There is not such a great deal of difference in the digestive system of 
this fish and the above mentioned species, but I shall describe the differences 
as they are: tongue trianguloid; Mm. hypobranchiales more developing; gill- 
rakers a little shorter (the length being ca. 1/4 of corresponding gill-filaments), 
8-11 in number; liver of the above 
mentioned species consists of large 
left lobe and small right one, while 
that of the present species consists 
of small left one and large right 
one. Form of stomach, length and 
winding type of intestine, folds of 
the mucous membranes of these 2 
parts, number of pyloric appendages 
are similar to those of above men¬ 
tioned species. 

B. Feeding Habits. 

By the courtesy of Mr. S. 

Miyauti, I was able to obtain 5 
fishes (16.2-17.8 cm in body length) 
from the neighboring waters of^Hunabasi, Tiba Pref, on May 22, 1937. I 
found the bottom living creatures such as Isopoda, Paguridae, Nereidae, shell¬ 
fishes and sand particles in their stomachs. 
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Family Gireludae 

87, Girella punctata (Gray): Mezina. 

A. Digestive System. 

Body oblong-ovate, compressed. Mouth rather small (m-c being ca. 1/5 
of head length), directed obliquely upwards; jaws equal; a series of tricuspid 


S i 




Fig. 117. Girella punctata. A. Head. B., C. Digestive tract. 

teeth in both jaws backedabySa ban^ 
of much smaller teeth. Mouth cavity* 
rather large; no teeth on vomer and 
palatines; tongue large, trapezoidal, 
not free, smooth, soft, no melanin 
chromatophore. Gill-rakers long (the 
length being a little shorter than corres¬ 
ponding gill-filaments), tips blunt, 
soft, flat, 28 in number average of, 
numerous soft processes on each gill- 
raker. Pharyngeal teeth long and slender, closely set. 

Peritoneal cavity large; peritoneum thin and black. Stomack i-shape, 
medium in size, wall rather thin, mucous membrane with longitudinal serpen¬ 
tine folds. Intestine long, winds several times, as shown in the figure; wall 
thin; mucous membrane consists of very long papillary processes (PI. XII, Fig. 
29). Pyloric appendages short and small, tips pointed, about 150 in number. 



Fig. 118. Girella punctata. Diagram showing 
the winding type of intestine. 
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Liver 2 lobes, medium in size, lifting the cardiac part of the stomach 
from left to right; gall-bladder slender; cystic duct long. Air-bladder large, 
wall thick, stretches right above the digestive organs. 

B. Feeding Habits. 

It is customary for this fish to have its digestive tract always filled with 
food. My observation was based upon the material as shown in the table, 
according to which I may say that although it is a herbivorous fish, it does 
not specialize in herbs so much as Siganus fuscescens^ and it may be safer to 
classify it with the omnivorous. 


Table 26 

Stomach contents of Girella punctata 


Date 

1 

Locality 

Number 
of hsh 

Av. body 
length 
(cm) 

Stomach contents 

Aug. 13,1936 

Tokyo Fish Market 

3 

30.3 

Phaeophyceae, Gammarus sp. 

Aug. 11,1937 

Misaki, Kanagawa Pref. 

1 

29.0 

Nereis Agassizi^ Sargassutn hacciferum 

Sept. 4,1937 


12 

28.7 

Certain Polychaeta, Sargassutn 
enervCy Ceramium tenerrimum 

Oct. 19.1938 

Tokyo Fish Market 

5 

31.2 

Certain Polychaeta, Phaeophyceae 


Family Sparidae 

88. Pagrosomus major (Temminck et Schlegel) : Madai. 

A. Digestive System. 

Body elongate, rather deep, compressed. Head large; snout rather long 
and pointed. Mouth rather small (m-c being ca. 5/19 and m-b ca. 5/13 of 
head length), almost horizontal; the upper jaw being slightly longer than the 
lower; lips thin. Upper jaw has 2 series of teeth, that is, they consist of the 
inside and outside series; the outside series in 3 rows are large (the out¬ 
side row consisting of 2 large canine teeth, the middle row of small canine 
and 7 molar teeth, and the inside row of molars); and the inside series 
are all granular teeth. Teeth in lower jaw are similarly arranged as those of 
the upper. Mouth cavity rather small; palatal mucous membrane consisting 
of 50 to 60 longitudinal folds; no teeth on vomer and palatines. Tongue 
moderately large and thick, triangular, free anteriorly, no teeth and melanin 
chromatophores on- it. 3 sets of conical teeth, with brown tips, on the 
upper pharyngeal bone and I set on the lower (PI. II, Fig. 2). Gill-rakers 
short (the length being ca. 1/3 of corresponding gill-filaments), flat, tips pointed, 
coarse, 14 to 16 in number. 

Peritoneal cavity rather large; peritoneum silvery. Oesophagus wide but 
ihort, wall thick. Stomach rather small, V-shape or rather Y-shape, wall thick, 
blind sac short, mucous membrane with 10 wide longitudinal folds, between which 
are fine longitudinal folds (there being some transversal folds too) (PI. VII, 
Fig. 14); wall of the pyloric part not especially thick. Intestine moderately 
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long (the length being ca. 3.2 times d<»a); duodenum broad, winds 4 times, 
wall thin; mucous membrane furnished with papillary processes like petals, as 
illustrated, a kind of net-work; intestine divided into the middle intestine and 
the rectum by a valve. Pyloric appendages broad and very short. 4 in number, 
located at the lower left of the cardiac part. 


h ; di 



Fig. 119. Pagrosomwt major. A, Frontal view of mouth. B. Tongue. C. Liver. 
D. Stomach. E. Digestive tract. 


Liver medium in .size, 2 lobes, embraces the anterior part of the stomach 
from below; gall-bladder a long sac. Air-bladder large, fusiform, stretching 
over the most upper part of the peritoneal cavity. 

Kishinouye (1902) gave a rather detailed description the teeth of this 
fish, but Tanaka (1915, p. 31&-317) gives a still detailed description. Kawa- 
mura (1914) reported on the digestive organs, and Okamoto (1918) described 
the stomach. Cuvier (1810) described the stomach of Pagrus spinifer as be- 









Fi*^. 120. Pagrosotnus major. A. Jaw-teeth (After Kishinouye). B. Gill-raker. 
C- Mesentery. D. Folds of mucous membrane of intestine. E. The same 
of pyloric appendage. F. Cross section of liver. 


B. Feeding Habits. 

As regards the feeding habits of this fish, according to Kishinouye (1902), 
it feeds on Mollusca, such as shell-fish and cuttle-fish; on Crustacea, such as 
shrimps, crabs and squills; and on fishes such as sardines, horse-mackerels, 
and on the whole on bottom creatures such as sea-urchins and starfishss; 
according to Konno (1916), chiefly on Crustacea and Mollusca, sardines coming 
next; and Kaziyama (1937) expressed the opinion diat as the young of this 
fish lives among sea-weeds, it feeds on any small creatures which it can get 
hold of nearby, and that as it grow up, it departs from the region of sea¬ 
weeds and favors shrimps. 
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Through the courtesies of Messrs. S. Fuzimori, S. Miyauti and K. Tanaka, 
1 was able to collect a fair amount of adults and youngs of this species from 
various localities, and found, upon examination, that the adults particularly 
went in for bottom food and had a definite preference for shrimps. The 
results are shown in Table 27. 

Table 27 

Stomach contents of Pagrosomus major 


Date 


Lo> ality 


Number of fish 


Body length (cm) 


Stomach contents 
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3 

o 
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<5 ? 
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o 

OQ 

P 

< 

P 


Certain larval Bshes 

Ikanago {Ammodytes persmmtus) 

Katakutiiwasi {Engraulis japonicus) 

Kurakakegisu (JNeoperds sexfasciata) 

Certain crabs 

Mf'galopa larvae of crabs 

Yamatoebaria {Ebalia japonicd) 

Certain shrimps 

Akaebi {Penaeopsis akayebi) 

Saruebi {Trtichypenaeus curvirostrL^) 
Serf^stes sp. 

Squills 

Euphaiisia 

Copepodti 

Balanus 

Cutt’e-fishes 

Octopus-appendawo 

Certain sheli-fishes 

Certain cIam*worms 

Isome (Lumriconerets hcteropoda) 

Certain jelly fiNhes 
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89. Taivs tumifrons (Temminck et Schlegel): Kidai. 

A. Digestive System. 

The digestive system of this fish is almost the same as the previous 
species. For instance, the stomach is V-shape; the winding and the length 
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of the intestine is practically the same. In most cases, if it is of a different 
species, the number of pyloric appendages usually differs, but in this case, it 
is the same, 4. Only the jaw teeth are different: the present species is 
entirely devoid of molar teeth, and if we leave out the row of granular teeth, 
there is only 1 row. 

B. Feeding Habits. 

According to Kishinouye (1902), the principal food of this fish is Crustacea, 
Mollusca, Echinodermata and fishes. As this fish has no molar teeth, it can¬ 
not take the hard food (such as shell-fish, Balanus, etc.) like the previous 
species. 

90. Spams stvinhonis (Gunther): Kurodai. 

A. Digestive System. 

Mouth rather small (m-c being ca. 2/7 of head length). On each side of 
the upper jaw are 5 rows of molar teeth and in the anterior part 6 incisor¬ 
like pointed teeth, behind which is a broad patch of small molars; on the 
sides of the lower jaw are 3 rows of molars which is different from the upper, 
the other points being the same. Mouth cavity medium in size; tongue a 
moderately large and perfect triangle, rather thick, free anteriorly, no melanin 
chromatophores (PI. Ill, Fig. 12); pharyngeal teeth minute but sharp and 
numerous; gill-rakers short (the length being ca. 1/5 of corresponding gill- 
filaments), flat and wide, tips pointed, 10 to 12 in number. 



Fig. 121. Spams stoinhonis. 

Peritoneal cavity rather large. Stomach V-shape, mucous membrane longi¬ 
tudinal folds with little warts between the folds. Intestine practically the 
same as the above-mentioned species (for instance, its duodenum wide; a valve 
divides it into the middle intestine and the rectum, etc.), the difference being 
that it makes 2 windings and the papillary processes of the mucous membrane 
are short. Pyloric appendages 4. 

Liver consists of a big left lobe and a small right lobe; gall-bladder 
pas.sing the left side of the stomach is a long sac and stretches to the side 
of the intestine. 

B. Feeding Habits. 

In August 1929, I obtained 12 of this fish (approximately 20 cm in body 
length) from Kotubo, Kanagawa Prefecture, and 10 (about 9.6 to 15.7 cm) 
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from the adjacent waters of Muko Island, Yamaguti Prefecture, in July 1936, 
and found that the stomach contents of the former lot consisted of shell-fishes 
and star-fishes, while the stomachs of the latter lot contained a large quantity 
of shrimps, squills, crabs, larvae of crabs, etc. The anglers say that although 
this fish is omnivorous and voracious in its feeding habits, it is very cautious 
about fishing hooks. 


Family Pomadasyidae 

91. Hapalogenys mucronatus (Eydoux et Souleyet): Setodai. 

A. Digestive System. 

Body oblong, compressed. Mouth slightly oblique upwards, moderately 
large (m-c being ca. 1/3, m-b less than 1/3 of head length); lower jaw a 
little longer than the upper; premaxillary tolerably protractile; lips thin; 




Fig. J22. Hapalogenys mucronatus. A. Head. B. Digestiv<‘ tract. 


fleshy barbels about the lower jaw. Teeth in jaws conical, in narrow band, 
outer ones enlarged. No teeth on vomer and palatines. Tongue rather large, 
triangular, free, no teeth and melanin chromatophores on the surface. Upper 
pharyngeal teeth developed. Gill-rakers short (the length being ca. 1/3 of 
corresponding gill-filaments), tips rather blunt, coarsely grown, 15 to 19 in 
number, process on a gill-raker numerous. 

Peritoneal cavity rather small and compressed; peritoneum black. Oeso¬ 
phagus short and wide, wall thick, mucous membrane consists of 14 to 15 
longitudinal folds. Stomach moderately large, V-shape, wall thicker than that 
of oesophagus; cardiac part long, blind sac degenerated, pyloric part ovate 
and the wall very thick; mucous membrane of the stomach consists of longi¬ 
tudinal serpentine folds. Intestine short (the length being ca. 2.2 times d-^ 
a), wall moderately thick, winds twice, mucous membrane assumes about 25 
longitudinal zigzag folds. Intestine divided into the middle intestine and the 
rectum by a valve. Pyloric appendages 4 in number, 2 of them are large 
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and long. 

Liver consists of incomplete 2 lobes (right lobe larger than the left), 
hanging over the anterior part of the digestive tract; gall-bladder long and 
slender, cystic duct longer than bile duct. Air-bladder large with thick wall. 
B. Feeding Habits. 

I examined the stomach contents of 5 fishes (1-.2 to 7.0 cm) which were 
caught by a net on Mar. 26, 1936 from the adjacent waters of Mituhama, 
Ehime Prefecture. They had eaten the bottom living creatures, such as 
Paguridae, shrimps, shell-fishes, etc.. 

Family Theraponidae 

92. Therapon oxyrhynchus (Temminck et Schlegell: Simaisaki. 

A. Digestive System. 

Body oblong, rather compressed. Mouth moderate (m-c being ca. 1/3.3, 
m-b ca. 1/3.1 of head length), upper jaw longer than the lower. Teeth in 
jaws small, conical, set in many rows anteriorly in both jaws and posteriorly 
in the upper, while in 2 rows posteriorly in the lower; the teeth of outer 
rows slightly larger than the rest. Mouth cavity wide laterally; no teeth on 
vomer and palatines; tongue moderately large, thin, free, no teeth, few melanin 
chromatophores on the surface. Pharyngeal teeth small, conical. Gill-rakers 
short (the length being ca. 1/3 of corresponding gill-filaments), rather flat, 
base wide, coarsely grown, 23 to 21 in number, iirocess on each gill-raker 
numerous. 


« 



Fifi. 12S Therapon oxyrhynchus 

Peritoneal cavity moderately large; no melanin chromatophores on perito¬ 
neum. Oesophagus short and wide, wall thick, mucous membrane consists of 
12 longitudinal folds and small papillae between them. Stomach V-shape, 
large, waU thick, mucous membrane consists of 5 to 6 longitudinal folds and 
many transversal folds between those folds; pyloric part short. Intestine 
rather short (the length being ca. thrice d~a), winds N-form, wall rather 
thick, mucous membrane with numerous small papillary processes. Pyloric 
appendage short, 12 in number. 

Liver small, thin, 2 lobes, left lobe longer than the right; gall-bladder 
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the long tube, cystic duct long. Spleen situates near the middle part of 
intestine, as shown in the figure. Air-bladder large, dumbbell-like, waU thick. 

Cuvier and Valenciennes (1828-1849) describe in their book “Histoire 
naturelle des poissons ” (Vol. 3) on the digestive tracts of Therapon serms^ 
T*. cinereus^ T, transversus and T. obscurus. According to their descriptions, 
their pyloric appendages are unequal in number. 

B. Feeding Habits. 

According to my humble experience, it would seem that this fish lives 
on animals at or near the muddy bottoms where sea-weeds grow. 

Family Aplodactylidae 

93. Goniistius zonatus (Cuvier et Valenciennes) : Takanohadai. 

I have already made a detailed report on the digestive system and feed¬ 
ing habits of this species. 

A. Digestive System. 



Fig. 124. Goniistius zonatus, A. Head. B. Jaw teeth. C., D. Arrangement of upper 
and lower jaw teeth. E. Digestive tract F. Mesenterv. 







A STUDY ON THE DIGESTIVE SYSTEM AND FEEDING HABITS OF FISH 175 

Body oblong, compressed. Mouth small 
(m-c being ca. 1/6, m-b ca. 2/7 of head length), 
horizontal; lips developed, thick and Jfleshy. 

Teeth in each jaw small, conical, closely set 
in a band; lower jaw has more t€‘eth than the 
upper. Mouth cavity rather small; no teeth 
on vomer and platines; palatal mucous mem¬ 
brane red and smooth; tongue small, like the 
cock’s comb, not free. Pharyngeal teeth as 
large as the jaw teeth. Gill-rakers short ithej 
length being a little shorter than 1/2 of corres¬ 
ponding gill-filaments), stout, tips rather point¬ 
ed, 22 in number. 

Peritoneal cavity large; peritoneum black. 

Oesophagus short and narrow; stomach small 
Y-shape (blind sac long, pyloric part short^ ; 
mucous membrane of the cardiac part consists 
merely of 4 to 5 parallel longitudinal folds, 
while that of the blind sac consist of longi¬ 
tudinal folds and transversal folds between those folds. Intestine not long, 



J2S. Goniistius zonatus. Folds 
of murous membrane of intestine. 


Table 28 


Stomach contents of Goniistius zonatus 
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rather wide, winds twice, forming the letter N, mucous membrane net-work; 
middle intestine distinguished from rectum by the thickness of their walls, viz., 
the wall of the former thin, while the latter thick. Mesentery well developed 
along the middle intestine. Pyloric appendages short and wide, 4 in number. 

Liver moderately large, polylobes, covering the stomach from above. 
Gall-bladder long and slender, stretching on the right side of stomach. Pan¬ 
creas densely distributed on the mesentery and the other parts. 

B. Feeding Habits. 

As shown in Table 28, I collected 42 fishes from 3 different localities 
in 3 different seasons. 

It is clear from the table that this fish is the bottom feeder. And it is 
also probable that it takes the creatures in the sandy bottom, such as clam- 
worms, and hard substances, such as shell-fishes, by using its developed lips, 
jaw-teeth, and pharyngeal teeth. 

94. Ditrema temmincki (Bleeker): Umitanago. 

A. Digestive System. 

Body ovate, compressed. Mouth small (m-c being ca. 2/9 and m-b ca. 
1/3 of head length), protrusile; maxillary almost equal to snout; lips thick; 
teeth conical, tips blunt, in a single series, on the front of the lower jaw only. 
Mouth cavity small; no teeth on vomer and palatines; tongue rather large, 
triangular, free anteriorly, no teeth and melanin chromatophores on the surface. 
Lower pharyngeal bones united, on the surface of which blunt teeth grow* 
pavement-like (PI. II, Fig. 1). Gill-rakers short (the length being ca. 1/5 of 
corresponding gill-filaments), tips pointed, coarse, 18 to 20 in number, process 
on each gill-raker short but numerous. 

Peritoneal cavity large and compressed; melanin chromatophores scattered 
quite profusely on the peritoneum. Oesophagus rather long; no stomach; 
succeeding tlie oesophagus is the intestine, rather wide and moderately long 
(the length being ca. 4 times o^a), winds 3 times approximately 360'’ and 
at the rectum approximately 90”, wall rather thick, mucous membrane consist¬ 
ing of typical longitudinal zigzag folds (PI. XI, Fig. 6). Anus opens between 
the pectoral and anal fins. No pyloric appendages. 

Liver consists almost entirely of the left lobe, the right being only rudi¬ 
mentary and lifts the anterior part of intestine from below; gall-bladder rather 
long, located between the left lobe and the oesophagus; hepatic artery rather 
broad. This species is a well known viviporous fish and therefore has an 
oviduct. It is located between the first and second windings of the intestine, 
and when it conceives, the oviduct becomes enlarged and pressure is brought 
to bear on both sides of the intestine. Air-bladder large. 

B, Feeding Habits. 

This fish seems to feed principally on small animals at muddy bottom, 
such as the shell-fishes and clam-worms etc., and Caprella kroyeri found on 
sea-weeds and, at times, the sea-weeds themselves. Caprella kroyeri, it would 
seem, is a favorite food for this fish. Kinosita (1930, 1934) reported that 
abalones and other shell-fishes were found in the stomach of this fish, (As 
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the pharyngeal teeth of this fish are well developed, it is probable that hard 
substances are taken). 

This species, as stated above, is one of the viviporous fishes, and, there¬ 
fore, perhaps due to the pressure that is brought to bear on the intestine, 
the female does not take very much food during the spawing season. 

Family Labridae 

95. Halichoeres poecilopterus (Temminck et Schlegel): Kyiisen. 

A, Digestive System. 

Body elongate, compressed. Snout pointed; mouth rather small (m-c be¬ 
ing ca. 2/11, m-b ca. 3/14 of head length), jaws equal. Teeth in a single 
series laterally, the number about 10-4-2-1-2-flO in lower jaw, and numerous 
-H2+2-fnumerous in the upper; 4 anterior teeth in each jaw large canines 
and 2 middle ones of the upper large. Mouth cavity not large; no teeth on 
vomer and palatines; tongue large, trapezoid, thin, free, no teeth and melanin 
chromatophores on the surface. Pharyngeal teeth molar-like, well developed. 
Gill-rakers very short, flat, tips pointed, coarsely grown, 14 to 17 in number. 


I 



Peritoneal cavity rather small; peritoneum silvery. Pharynx wide; oeso¬ 
phagus short and wide, wall thick, mucous membrane consists of about 10 
longitudinal folds. Stomach absent; the digestive tract consists merely of the 
intestine and the rectum. Intestine short (the length of intestine-f-rectum be¬ 
ing ca. 1.3 times o--^a), rounded in a small circle; mucous membrane of the 
intestine consists of papillary processes which arranged in 12 to 13 longitudinal 
serpentine rows; a valve exists between the intestine and the rectum; mucous 
membrane of the rectum almost flat. No pyloric appendage. 

Liver 2 lobes, left lobe large and the right small, rather thick, lifting 
the anterior part of intestine from below; gall-bladder ovate, cystic duct rather 
long. Mesentery developed about the rounded part of intestine. 

B. Feeding Habits. 

Bigelow and Welsh (1925, p. 283) describe that the cunner {Tautogolabrus 
adspersus) is an omnivorous fish; it finds food browsing among weeds, stones 
or piles, picking up or biting off barnacles and smaO blue mussels, with the 
fragments of which it is often packed full; it devours enormous number of 
amphipods, shrimps, young lobsters, crabs, ...., univalve and the smaller 
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bivalve mollusks, hydroids, annelid worms, and it occasionally capture 

small fish. 


Table 30 

Stomach contents of Halichoeres poecilopterus 
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I examined 40 stomachs, as shown in the table, and found that this fish 
is also omnivorous as in the case of the cunner. In connection with the feed¬ 
ing habits of this fish, I must also mention that in the majority of cases, at 
night or in winter it creeps into the sand at the bottom of the sea and does 
not take any food, as it sleeps everv night in the sand. S. Miyauti (1936, p. 34) 
made a very interesting report on this. 

96. Pseudolabrus japonicus (Houttuyn): Sasanohabera. 

A. Digestive System. 

The form of the digestive system of this fish is almost the same as that 
of the above-mentioned fish, and the difference between the two as follows: — 
3 anterior teeth in each jaw large (PI. I, Fig. 7); tongue a little larger 
than that ol the above species; anterior part of the intestine rather wide. 
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B. Feeding Habits, 

There is not much difference in the feeding habits of this fish and the 
preceding one. 


Family ('allyodontipae (Scaridae) 


97. Leptosmrus japonicus (Cuvier et Valenciennes): Budai. 

A. Digestive System. 

Body oblong, moderately compressed; head short, rather blunt. Moutb 



Fig. 128. Leptoscams japonicus, A. Upper pharyngeal teeth. B. Lower 
pharyngeal teeth. C. Digestive tract. D. Notched intestine. 


rather wide (me being ca. 2/11, m-b ca. 1/2 of head length); jaws equaL 
Teeth moderately large, about equal in size, separate, those in anterior half 
of jaws arranged in series of oblique rows (PI. 1, Fig. 9) Mouth cavity 
more or less depressed. Tongue large, semi-circular, rather soft, free marginally, 
no teeth and melanin chromatophores on the surface. Pharyngeal teeth vary 
characteristic, large, tessellated, the upper being 2 sets and the lower 1. Gill- 
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rakers short, rather soft, tips pointed, coarsely grown, 10 to 14 in number. 

Peritoneal cavity large, ovate; peritoneum brown. Stomach absent. 
Intestine long (the length being ca. 5.5 times o-^a), winds 4 times; middle 
intestine notched as shown in the figure, wall very thin, mucous membrane 
consists of small papillary processes arranged net work. Rectum short, wall 
rather thick; a valve located between the middle intestine and the rectum. 
No pyloric appendage. 

Liver large, 2 lobes, left lobe large while the right very small; gall¬ 
bladder rather large, spherical. Mesentery very well developed. Spleen 
slender, located near the anterior part of intestine. Air-bladder elongate, 
silvery, wall rather thick. 

B. Feeding Habits. 

In the March 6, 1938 issue of the Sandei Mainiti, p. 19. there is an 
article on the feeding habits of this fish by Mr. Tademura. In early spring, 
according to this article, this fish flocks along the rocky coast of rough sea 
and eagerly eats the shoots of sea-weeds. 

On November 7, 1938 and October 2, 1939, I bought some of this fish 
from the Tokyo Fish Market (8 in all, with a body length of about 25 cm), 
and on examination, they had eaten a stomachful of sea-weeds. Boulenger 
(1922, p. 674) writes: “ Parrot-wrasses feed mostly on vegetable matter, corals, 
and hard-shelled Mollusca, for crushing which their dentition is well adapted.” 

Family Chaetodonitdae 

98. Chaetodon modestus (Temminck et Schlegel): Genrokudai. 

A. Digestive System. 

Body short, very much compressed. Head small, with very steep but 
slightly concaved profile. Mouth small (m-c being ca. 1/6 and m-b ca. 1/8 
of head length). 11 rows of slender, soft teeth in the upper jaw and 8 rows 
in the lower (similar to the jaw teeth of the lizard fish), arranged in the 
form of arches. Mouth cavity compressed; no teeth on vomer and palatines; 
tongue large and triangular, thinning out as it comes to the end, free 
anteriorly, grooved in the center, no teeth. Minute soft teeth on the 
pharyngeal bones. Gill-rakers short (the length being ca. 1/4 of corresponding 
gill-filaments), flat, tips pointed, grow apart, about 18 in number, 2 rows of 
process on each gill-raker. 

Peritoneal cavity compressed, lens-shape; peritoneum silvery grey. Oeso¬ 
phagus long. Stomach Y-shape, ambiguous to V-shape; cardiac part long and 
narrow; pyloric part spherical and rather large; wall of stomach thick; 
mucous membrane 8 longitudinal folds, with small warts betw^een the folds. 
Intestine long (the length being ca. 7 times d-a), the winding of the first 
half of it clockwise while the latter half counter-clockwise, wall thin, rather 
wide, mucous membrane longitudinal folds. Pyloric appendages rather long 
and broad, 1 of the 5 being short. 

Liver moderately large, rather thick, 2 lobes, the left being larger than 
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Fig. 129. Chaetodon modestus, A. Jaw>teeth. B. Left side view of 
digestive tract. C. Right side view of the same. 

the right. Gall-bladder ellipsoid. Spleen small. Pancreas fills up the space 
made by intestinal windings in vortex form. 

B. Feeding Habits. 

From the very few samples which I was able to examine, it would seem 
that the u.sual food of thb fish is hermit-crabs and sea-weeds, but I cannot 
say anything definite. The divers say that this fish, not only this species but 
all those that belong to Chaetodontidae and which have this sort of body 
form, lies laying horizontally its body when it eats the food on rocks. 

Family Siganidae 

99. Siganus fuscescens (Houttuyn): Aigo. 

Body compressed, oblong. Head small. Mouth small (m-c being ca. 
1/16 of head length and m-b being a little larger than this), slightly inferkur; 
mandible not projecting, with the lower jaw fitting under the upper; lips 
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rather broad; a series of 25 to 30 small conical teeth in each jaw, roots 
deeply buried, and against the row of teeth inside there Ls a membrane. No 
teeth on vomer and palatines. Buccal cavity large; Plicae palatinae well 
developed; tongue moderately large, rectangular, soft, free, sides somewhat 
high making a groove in the center, surface smooth except for a few papillae; 



Fig. 130. Siganus ftacescens. A. Head. B. Gill-rakers. C. Digestive tract. D. Gall- 
bladder. 

no melanin chromatophores. Gill-rakers characteristic: tips branch out as shown 
in Fig. 130, B, pointed and short (ca. 1/10 of corresponding gill-filaments), 
grown apart, 20 in number. Upper pharyngeal teeth well developed, consist¬ 
ing of 3 sets of small conical teeth in groups. 
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Peritoneal cavity compressed but large; oesophagus short. Stomach 
medium size, V-shape; cardiac part long, being approximately twice as long 
as the pyloric part; blind sac rudimentary and rounded. Wall of stomach 
thick, and the mucous membranes of the cardiac and pyloric parts and 
the blind sac consist respectively of approximately 12 narrow longitudinal 
folds, 12 wide longitudinal folds, and a net-work of squares. Epithelium of 
the pyloric part somewhat chitinous. A pyloric valve divides the stomach and 
the duodenum (Fig. 131). As may be seen from the figure, while the folds 
of the mucous membrane of the pyloric part are longitudinal, those of the 
duodenum are like the face of a towel. Intestine rather broad, extremely 
long (the length being ca. 2.5 to 3 times the body length and ca. 8 times d-^a), 
winding very characteristic, that is, it first winds clockwise, like a vortex, to 
the body lengthwise, and when it comes to the center, it reverses and goes 



Fig. 131. Siganus fuscescens. 
Stomach and intestine. 



Pig. 132. Siganus fuscescens. 
Intestinal winding^type. 


counter-clockwise, forming, as it were, 2 vortices put together, one running 
clockwise and the other counter-clockwise. Wall of intestine thick. The anus 
opens just in front of the anal fin, the peritoneal cavity stretching trifly 
beyond the anus. Pyloric appendages 3, rather thick and round, 1 being 
short and the other 2 long. 

Liver rather small, the left lobe being tolerably large and the right long 
but small. Gall-bladder spherical; Ductus choledochus and Ductus cystis both 
extremely long. Pancreas well developed along the stomach and intestine. 
When the gonad is fully developed, it pressess the intestine to the ventral 
side. 

B. Feeding Habits. 

As for the feeding habits of this fish, Uchida (1932) took this up as a 
part of his study when he was studying its general habits. He said that the 
larvae of this.fish about 14cm in body length fed chiefly on copepods; those 
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from 18 to 20 cm on diatoms that are found on sea-weeds; and those from 
about 30 cm on the diatoms above-mentioned and young sea-weeds; and that 
as they grew older, the herbivorous habit became more pronounced. But at 
the same time, he stated that as the angling baits of this fish consisted of 
animal matter, there was, at times, a possibility of their taking animal 
food. 

From my examination of the stomach contents of this fish collected in 
the summers of 1933 and 1935, 1 found that they consisted principally of 
sea-weeds, and that only a very small quantity of animal food could be found. 
In comparing the feeding habits of this fish with other fishes, there are very 
few that take so much sea-weed, and to call this spe^cies as the “ herbivorous 
fish ” would not, in my opinion, be at all unsuitable. 

Family Tkiacanthidae 

100. Triacanthus brevirostris (Temminck et Schlegel): Gima. 

A. Digestive System. 

Body oblong, compressed. Mouth very small (m-c being ca. 1/12 and 
m-b ca. 1/6 of head length); lips thick; 2 rows of jaw teeth in each jaw, 
the outer series being incisor-like, rounded at the top. Mouth cavity small; no 
teeth on vomer and palatines. Tongue large, semi-elliptic, free anteriorly, rather 



131^. Tiiacanthus brcmrostris. 


thick, grooved in center, no teeth and melanin chromatophores on the surface. 
Pharyngeal teeth rudimentary. Gill-rakers very short (the length being ca. 
1/10 of corresponding gill-filaments), tips blunt, coarsely growth, 13 to 15 in 
number. 

Peritoneal cavity compressed; .some melanin chromatophores on the 
peritoneum. Oesophagus short, mucous membrane of which consists of 14 
to 15 longitudinal folds; stomach S-shape, wall rather thin, mucous membrane 
of which being longitudinal folds consisting of papillae; intestine rather long 
(the length being ca. 2.5 times d—a), wall thin, winds in a characteristic 
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manner as shown in the illustration, die end being the i^tum. Mucous 
membrane of the intestine consists of papillate processes. No pyloric appendage. 

Liver large, 3 lobes, the largest lobe locates on the left side of the digestive 
tract, and the smaller 2 lobes on the right. Gall-bladder large, spherical; 
bile-duct opening to the beginning part of the intestine. Mesentery well de¬ 
veloped, along which are the pancreas. Air-bladder large, elongate. 

B. Feeding Habits. 

I have never had a chance to make a study of the feeding habits of 
this fish. 


Family Baustidae 

101. CkirUhidermis rotundatus (Proce): Amimongara. 

A. Digestive System. 

Body oblong, compressed. Mouth very small (m-c being ca. 1/13 of head 
length), terminal; lips thick, especially the lower. Jaw teeth large, in a 
single row, in the majority of cases, 4 in each side, closely set. Mouth cavity 
small; no teeth on vomer and palatines. Hardly any difference in the tongue 
in comparison with the above-mentioned species. On the 3 sets of the upper 
pharyngeal bones, 2 rows of sharp conical teeth which directed inward. Gill- 
rakers short (the length being ca. 1/6 of corresponding gill-filaments), soft, 
flattened laterally, tips pointed, coarse, 28-32 in number. 

Peritoneal cavity compressed; peritoneum silvery. As the internal organs 
of the sample which I had handled had self-decomposed and an accurate 
observation could not be made, I shall not trouble to give the results of my 
examination. There is a study on the internal organs of Batistes capriscus 
in MeckePs “ Systems der vergleichenden Anatomic,” Vol. IV, and according 
to that article, the wall of the stomach is thin; there is no valve between 
the stomach and intestine; the length of the intestine is a little less than 
double the body length, it winds 5 times and is divided into the middle 
intestine and the rectum by a valve; the wall of the former is rather thick 
but the latter is rather thin. According to Jacobshagen who also made an 
examination of the .same species, the mucous membranes of the stomach and 
middle intestine (he uses the word “ Vorderdarm ”), are described as con¬ 
sisting of parallel longitudinal folds and simple net-work respectively. When 
I made an examination of the subject species, I found that the intestinal 
mucous membrane of which consisted of papillary processes; the liver had 3 
lobes, and the air-bladder was very large. 

B. Feeding Habits. 

Mr. M. Uda very kindly let me have the 3 fishes (22., 24.1 and 
25.3 cm in body length) which he had caught at a certain place while out 
on the experimental ship of the Imperial Fisheries Experimental Station in 
the Pacific, in May 1936. The stomach of these were filled with fish bones 
and shrimps. The fish 28.0 cm in body length, which Mr. S. Miyauti had 
obtained from the Tokyo Fish Market on the 1st of October 1937 also had 
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its Stomach filled with fish-bones. 

Family Monacanthidae 

102. Monacanthus cirrhifer (Temminck et Schlegel): Kawahagi. 

I have already made a detailed report on the digestive system and 
feeding habits of this species. 

A. Digestive System. 

Body short and deep, very much compressed. Mouth very small (ra-c 
being ca. 1/9 and m-b ca. 1/5 of head length), terminal; lips thick and fleshy. 
2 rows of incisor-like teeth in the upper jaw, 6 in the outside row and 4 in 
the inside row; about 6 incisor-like teeth in a single series in the lower jaw; 
teeth all very strong and closely set, Mandibularis and Maxiilaris, viz. the muscles 



Fig. 134. Manacanthus cirrhifer. A. Jaw-teeth and cranial muscle. B. Diagram shoiving 
the intestinal winding-type. 


of jaw, being well developed. Mouth cavity small; no teeth on vomer and palatines ; 
tongue moderately large, rectangular, thick, free anteriorly, smooth, longitudinal 
folds only on the surface and no melanin chromatiphores. No pharyngeal 
teeth. Gill-rakers short (the length being not even quite 1/6 corresponding 
gill-filaments), tips pointed, coaresly grown, 27 in average; process on each 
gill-raker numerous (PI. IV, Fig. 4). 

Peritoneal cavity compressed; no melanin chromatophores on the perito¬ 
neum. Stomach short, being a straight tube, wall thin, folds of the mucous 
membrane longitudinal. Intestine rather long (the length being ca. 2.5 times 
d—a), wall thin, winds as the illustration, this type of winding being common 
to the flat-fish, which is' worthy of note; mucous membrane consisting of 
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Fig. 135. Monacanthus cirrhifer. 
Folds of mucous membranes of 
oesophagus and stomach. 


papillary processes. The stomach and intestine 
may be distinguished according to their mucous 
membranes. The end of the intestine is the 
rectum. No pyloric appendage. 

Liver very large, 2 lobes, the left lobe 
being very much larger than the right. Gall¬ 
bladder located between the gonad and the 
end of the right-lobe. Cystic duct rather long. 
Intestinal tube is kept in place by a well 
developed mesentery. 

B. Feeding Habits. 

Regarding the feeding habits of Mona- 
canthusy there are 2 publications written by 
Brehm (1914, p. 432) and Boulenger (1922, 
p. 624) who recognized the European Mona¬ 
canthus as herbivorous fish, but Uchida (1927) 
denied their view when he studied Japanese 


Table 31 

Stomach contents of Monacanthus cirrhifer 
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Monacanthus. Uchida says that fishes 8 to 18 mm in body length feed on Globi- 
gerina, Copepoda, zoea, while those 21 to 29 mm long on zoea, Gammarus, 
diatoms, and brown algae. For comparison, I analysed, as shown in the Table 
31, the stomach contents of adult fishes, 11.3 to 17 cm in body length, 
collected on 3 different occasions, at 2 different places, and at differnt seasons. 
From the results obtained, I am inclined to think that while this fish lives 
near the coast in summer, in winter it moves more out to the sea and hovers 
near the bottom in search of food. The bones and eyes of fishes found 
among the stomach contents were perhaps those of dead fishes, for it is hard 
to believe that it would attack live ones. And when Caprella kroyeri. and sea¬ 
weeds, Gammams and sand particles, were found together in the stomaches 
at the same time, 1 was inclined to believe that in each instance, the latter 
was swallowed in its efforts to eat the former. The fact that a fragment of 
Anisopamma amphelioides was found in the stomach may perhaps be con¬ 
sidered as a good evidence that this fish can bite off by using its stout teeth 
the hard substances on rock. 


Family Ostraciidae 

103. Aracamz aculeate (Houtlyn) : Itomakihugu. 
A. Digestive System. 




Fig, 137. Aracana aculeata. 
Folds of intestinal mucous 
membrane. 


Body short, slightly compressed, stout, covered by hard and immovable 
carapace. Mouth very small (m-c being ca. 1/7, m-b ca. 3/10 of head length); 
lips thick, fleshy. Teeth in each jaw subequal, 8 to 9 in number, arranged 
in a row, rather large, not incisor-like, rather conical, tips blunt, the base 
brown. Mouth cavity very small; no teeth on vomer and palatines. Tongue 
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moderately large, semi-elliptic, thick, soft and fleshy, not free, no teeth and 
melanin chromatophores on the surface. Pharyngeal teeth and gill-rakers 
both absent. 

Peritoneal cavity large; no melanin chromatophores on peritoneum. 
Oesophagus short and rather narrow, wall thick, mucous membrane consists 
of 24 to 26 longitudinal folds. Stomach merely a cylindrical tube, wall 
rather thin, mucous membrane consists of 14 longitudinal serpentine folds. 
Bounded by a valve, intestine succeeds the stomach. Intestine rather long 
(the length of stomach plus intestine being ca. thrice o--a), winds vertically 
as shown in the figure, wall thin, mucous membrane consists of transversal 
papillary processes. No pyloric appendage. 

Liver large. 2 lobes, left lobe very much larger than the right, thick; 
gall-bladder spherical, rather large, located on the upper part of the intestine. 
Spleen small, situated on the left of stomach. 

B. Feeding Habits. 

This fish takes usually the small animals in the muddy bottom of the sea. 
Family Tetraodontidae 

104. Sphaeroides rubripes (Temminck et Schlegel): Torahugu. 

A. Digestive System. 

As the digestive system of this fish is almost 

the same as the following species (No. 105), I 
shall omit its description. 

B. Feeding Habits. 

From my examination of the stomach con¬ 
tents of 16 adults which Mr. J. Deguti collected 
on May 3, 1937 near the Misaki Marine Biologi¬ 
cal Station, the 12 (average body length: 
12.6 cm), Mr. S. Miyauti collected at Yokosuka, 
Kanagawa Prefecture, and the 10 (body length: 
ca. 10 cm) collected by Mr. H. Tokunaga on 
September 15ih, 1938 at Kasaoka, Okayama 
Prefecture, I am of the opinion that this species 
is definitely an omnivorous fish, and that it 
feeds on small fishes, crabs, rock-slaters, sea-weeds, 
and other small animals which cling to rocks, 
etc. 

105. Sphaeroides vermicularis (Temminck et Schlegel): Sydsaihugu. 

A. Digestive System. 

Body elongate, slightly compressed. Head long, rather compressed. Mouth 
small (m-c being ca. 1/4 of head length), terminal, crescent as viewed from 
the front. Jaw teeth large, rather pointed anteriorly, cutting edges slightly 
concave. Mouth cavity moderately large; no teeth on vomer and palatines. 
As for the muscles inside the mouth, Mandibularis of the adductor mandibulae 



Fig, 138. Sphaeroides rubripes. 
Folds of intestinal mucous 
membrane. 
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is well developed but not Maxillaris of the adductor mundibulae. Tongue 
large, semi-elliptic, thick, not free, no melanin chromatiphores on the surface 
but the longitudinal folds of the mucous membrane are conspicuous. No 
pharyngeal teeth. Gilhrakers rudimentary, and generally 8 in number. 

^ B 




Fig. 139. Sphaeroides vermicularis. A. Digestive tract. Ventral .side. B. Liver with gall-bladder. 


Peritoneal cavity large; no melanin chromatophores on the peritoneum. 
Oesophagus wide at the beginning, narrowing as it gets toward the stomach; 
stomach short and round, constricting at the end on both sides, becomes the 
intestine, mucous membrane 20 to 22 longitudinal folds. Intestine rather long 
and wide (the length being ca. 3.2 times d--a), makes 6 long and several 
short turns, wall rather thick, mucous membrane consisting of papillae along 
the longitudinal zigzag folds. Bile duct opens at the beginning of the intes¬ 
tine, i. e., duodenum. Intestine held in place by a very well developed mesentery. 

Liver very large, 1 lobe, thick, located on the right side of the digestive 
tract; gall-bladder large, almost spherical; length of the cystic and hepatic 
ducts about the same. 

Cuvier (1810, Vol. 3) examined the digestive tract of Tetrodon ohlongus 
and described the stomach as being round, the intestine as being short and 
winding 2 or 3 times, and the wall as being thick. 

B. Feeding Habits. 

In the report made by Bigelow and Welsh (1925, p. 299), they write as 
follows on the feeding habits of Spheroides maculatus; “ Puffers are summer 
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on the southern New England coast, appearing late in May or early in 
June, to disappear in October or November. They are rarely seen far from 
land, usually in water only a few fathoms deep, where they feed on small 
crustaceans of all sorts, especially crabs, shrimp, and amphipods, as well as on 
small mollusks, worms, barnacles, sea-urchins and other invertebrates, which 
they find on bottom.” 

Family Momdae 

106. Mo/a mo/a (Linne): Manbo. 

A. Digestive System. 

Form of body varies considerably with age, adult disc-form and the longi¬ 
tudinal diameter of which being slightly longer than vertical. Mouth very 
small (m-b ca. 1 /20 of body length), horizontal; lips moderately thick; incisor¬ 
like teeth in upper and lower jaws, cutting edges concave, the groove between 
the teeth scarcely perceptible, the upper middle tooth fairly long, and bluntly 
pointed. No teeth on vomer nor palatines. Buccal cavity large, compressed 
sidewise; mucous membrane of oral cavity pigmentless; Plica palatinae not 
developed. Tongue large, semi-elliptic, thick, not free, soft and smooth, brown 
pigments scattered on the surface. 6 to 8 pharyngeal teeth in a row on each 
front, middle, and back sets of upper pharyngeal bones, extremely sharp and 
long, curve slightly in. Gill-rakers skinny filaments, short, {ca. 1/.^) of corres¬ 
ponding gill-filaments), about 30 in number, grow coarsely, vertical to the 
gill-arch, tips not pointed, no process. Pharynx wide. 

Peritoneal cavity large; peritonium with no melanin cbromatophores. Oeso¬ 
phagus thick but narrow in comparison with the part succeeding it, walls 
thick, not very long, mucous membrane assuming 6 wide longitudinal folds. 
Stomach absent; oesophagus succeeding the duodenum. This may be identified 
histologically but it may also be identified by the fact that the Ductus 
choledochus opens at this place. Duodenum exceptionally broad, wall thick, 
mucous membrane consisting of small villi and making its appearance the face 
of a towel. Intestine 1.5 times the width of the duodenum, long, making 
approximately 15 turnings in all directions, walls thick, mucous membrane of 
which not differing very much from that of the duodenum. Succeeding the 
middle intestine is the rather long rectum, the width, and the thick no ffg of 
the walls exactly the same as the former. Outwardly there is no difference 
between the two parts; however, the former is clearly distinguished from the 
latter by the inner valve, the folds of the mucous membrane likewise. Total 
length of the intestine, i. e. duodenum plus middle intestine plus rectum, about 
3.2 times as long as the body length and approximately 8 times as long as 
o~a; rectum about 1/16 of the total length. Mesentery well developed. 
Pyloric appendage absent. 

Regarding the digestive tract of this fish, Cuvier (1809) called the part 
which I identified as the duodenum the stomach, and Meckel (1829) said that 
the intestine, which is 5 times as long as the body length, made very short 
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turnings, and that the Ductus choledochus began 1,5 inches from the mouth. 
He said that the mucous membrane of the stomach (so called by him) formed 
longitudinal folds, and that there were villi on the intestine. 

Liver consists of 1 large lobe, situated at the right side of the digestive 
tract, thicker and rounder than that of Monacanthus cirrhifer, bright yellow 
when fresh. Gall-bladder large, almost spherical. Ductus choledochus short, 
opens to the beginning of the duodenum where it succeeds the oesophagus. 
It is to be noted that the Ductus choledochus near the part that opens as¬ 
sumes a muscular nature, the tube becoming very large. Spleen situated near 
the gall-bladder; liver large, almost spherical. Air-bladder large, walls rather 
thick. 

B. Feeding Habits. 

The body of this fish is not only peculiarly formed but it also has very 
curious feeding habits. It is an already well known fact that it feeds on jelly¬ 
fish. Boulenger (1922) describes it on page 727 of his book: “Its food is 
said to consist chiefly of jelly-fish. 


Table 32 


Date 

July, 1928 
June 16,1935 
July 29,1935 
Feb. 23, 1939 


Locality 


Collector 


Misaki Fish Market 

Near Smith Island 

Off the coast of 
Kinkazan 
34" 12' N 
140" ()6^ E__ ^ 


Fuzi Maru 
Sdy6 Maru 
S6y6, Mam 


Body’j Body 
lengthlweight 
(rm) (kg) 


105 

88 


Stomach content*. 

' Jelly-fishes. 

Jelly-fishes 
1 Feathers of bird 


I 


200 ca. 225 Jelly-fishc‘s 


As shown in the Table 32, I collected one each of this fish from 4 
different localities around Japanese waters, and found, on examination of their 
stomach contents, that 3 out of 4 had eaten a stomachful of jelly-fish. There 
is therefore, no doubt but what this fish takes jelly-fish for its staple food. 
It seems fitting and proper that a dull-looking fish such as this should make 
jelly-fish its chief food. I would also say that the unusual pharyngeal teeth 
of this fish has much to do with its feeding habits. 


Family Scorpaenidae 

l07. Sebastodes inermis (Cuvier et Valenciennes): Mebaru. 

A. Digestive System. 

Body oblong, more or Jess compressed; head pointed. Mouth moderately 
large (m-c being ca. 2/5, m-b ca. 3/8 of head length); lower jaw longer than 
the upper. Teeth in each jaw minute, conical, in narrow band, developed in 
a knob at the tip of lower jaw. Mouth cavity moderately large; palatines 
armed with teeth; tongue large, triangular, free, black and yellow pigments 
on the surface (PI. Ill, Fig. 6). Pharyngeal teeth as large as jaw teeth, 
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closely set on pharyngeal bones. Gill-rakers long (slightly shorter than corres¬ 
ponding gill-filaments), tips rather blunt, closely set, 24 to 29 in number. 

Peritoneal cavity rather large; no melanin chromatophores on peritoneum. 
Oesophagus broad tind rather long. Stomach medium in size, i-shape, wall 
thick, cardiac part longer than blind sac, and pyloric part the shortest. Mucous 





membrane of stomach with longitudinal 
serpentine folds. Intestine fairly long (the 
length being ca. 3.2 times d-^a), winds 4 
times, wall rather thin, folds of mucous 
membrane net-work. Wall of rectum com¬ 
paratively thick. Pyloric appendages rather 
wide and moderately long, located at the 
left side of stomach, 10 in number. 

IJver large, 2 lobes, left lobe longer 
than the right, lifting the stomach and 
pyloric appendages from below. Gall-bladder 
short, ellipsoidal, moderately large; cystic 
duct long. Air-bladder large but not so 
large as the following species, wall thick. 

Eggeling (1908) anatomizes the digestive 
tract of Sebastes dactyloptem and reports 
that this fish has large blind sac and 7 
pyloric appendages. 

B. Feeding Habits. 

Through the courtesy of Mr. H. Higasi, I examined the stomach contents 
of 9 of this species (14.5 to 22.0 cm in body length) caught from the adjacent 
waters of Makuhari, Tiba Pref., on May 19, 1936, when 1 found that 7 of 
them had eaten Megalopa larvae of Syozingani {Plagusia dentipes) (each one 
having eaten 10 in average). 2 had empty stomachs. 31 adults (10.1 to 
14.8 cm in body length) collected in July of the same yeai- had eaten mostly 
Isopoda and Mysis, while the 39 young fishes (3.9 to 5.7 cm in body length) 
had taken Mysis for their principal food. Judging from these results, it 


Fig. 142. Sebastodes inermts. Folds 
of mucous membranes of pyloric 
part and blind sac. 
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would seem that this fish is not a bottom feeder but feeds principally on 
food found in the middle and upper layers of the sea and has its habitat 
among the sea-weeds of shallow water. 

108. Sebastodes flammeus (Jordan et Starks): Sankomenuke. 

A. Digestive System. 


B 



Fig. 143. Sebastodes flammeus. A. Head. H. Liver. 



Fig. 1'H. Sebastodes flammeus. Folds 
of mucou.s membrane of stomarb. 


As the digestive system of this fish has 
a much resemblance to that of the above 
species, in order to avoid duplication, I shall 
give a description of only its outstanding 
characteristics. 

The jaw teeth of the above fish and 
following fishes which belong to Sebastodes, 
are arranged in bands, while those of the 
present species grow in single irregular rows 
(toward the end of the jaws, however, they 
are arranged in bands). The gill-rakers are 
approximately the same, except that the 
number is a triflle less, it being 21 to 24. 

There are .scarcely any melanin chro- 
matophores on the peritoneum of the above 
species but the peritoneum of the present 
species is black. There is I pyloric appen¬ 


dage less than the previous species, 9 being the usual number. The rest, 
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Table 33 

Stomach contents of SebasUnks flammui, 


Body length frm 


Bod\ weight (^) 

Stomach ccMitcnts_ 

C ottidar 
Ldntc rn hslu s 
Shrimp Acanthi phyia ‘'P 
h upon ft a 

Jaws of tuttlf hshc‘s 
C utth hshe«» 

None 

Stomach turns out 



such as the stomach being “I shape, the 
length of the intestine and its type of 
winding, folds of the mucous membrane, 
the left lobe being largei than the light, 
et( aie all exactly the same as those of 
the above species 
R Feeding Habits 

I his fish IS generally found in a 
depth of 200 to 300 meters at muddy 
bottoms Thiough the kindness of Mr 
H Higasi, 1 was able to make an exami¬ 
nation of the stomach contents of those 
caught off the coast of Tyc'isi, Tiba Pre 
fecture 

It will be seen from the above analysis 
(Tab 33) that the usual food of this fish 
IS lantern and luminous fishes, deep sea 
animals. On account of the size of its 
air bladder, when it is suddenly fished out, 
owing to the change of pressure, the air 
bladder becomes enlarged and presses 
against the stomach, turning the stomach 
out into the mouth cavity through the 
pharynx 



^ 1 g 11^ T.dntt rn fishc in the stomach 

of Seba^todes flammeus 



198 


Y. SUYEHIRO 


109. Sebastodes matsubarae (Hilgendorf): Ako. 

A, Digestive System. 

Teeth in V(Ty narrow bands. Gill-rakers 21 to 23 in number. Perito¬ 
neum black. Pyloric appendages 9, occasionally 10. There are no other 
characteristics worth describing (PI. VII, Fig. 9j. 



B, Feeding Habits. 

When I made an analysis of the stomach contents of those caught off 
the coast of Tyosi, Tiba Prefecture, on May 19th, 1936, I found that they 
consisted of the jaws of cuttle-fishes and shrimps, such as Crago and Acan^ 
thephyra (Tab. 34). 


Table 34 

Stomach contents of Sebastodes matsubarae 


Body length (cm) 

Body weight (g) 

2 

C7I 

ro 

8 


1 

1 61 6800 

i • _ 

1 

56 j 4400 

58 ' 5100 

i 

'--_ . Sex 

Stomach contents " 

Shrimps • • Craga sp., 

Acanthephyra sp. ! 

Cuttle-fishes | 

Stomach turns out 1 

1 

+ 

+ 

+ j 

L 

1 

+ 


110. Sebastodes iracundus (Jordan et Starks): Osaga. 

A. Digestive System. 

This species is the largest of Sebastodes. There is no outstanding dif¬ 
ference in its digestive system in comparison with the above species. Perito- 
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neum black; air-bladder large. 

B. Feeding Habits, 

When I examined 10 of this fish (18 to fill cm in body length), through 
the courtesy of Mr. H. Higasi, caught off the coast of Nakaminato, Ibaraki 
Prefecture, on May 6, 1936 and 20 (45 to 62 cm in body length) of those 
caught on the 29lh of the same month, the 1 sample weighing 5800 grams 
and 59 cm in body length from the first lot had traces of having eaten some 
cuttle-fishes, but the stomachs of the other 9 had turned out and no contents 
could be found. 17 of the latter lot had turned-out stomachs too and no 
contents could be found ; only 3 showed traces of having had some cuttle fishes. 
111. Sebastodes haramenuke (Wakiya) : Baramenukc. 

A. Digestive System. 

Nothing to describe in particular, except that the teeth are particularly 
like those of S. Matsubarae. 

A report, insofar as the teeth, mouth and gill-rakers of the Sebastodes 
described above are concerned, was written by Wakiya (1917). 


p.a 

' s 



B. Feeding Habits. 

The stomach contents of those (10 fishes, 29 to 38 cm in body length) 
caught off the coast of Sanriku on May 1 and 13, 1936 which I examined 
through the courtesy of Mr. H. Higasi consisted mostly of lantern-fishes and 
Euphausia etc. In 1929, when the Muroran Branch of the Hokkaido Fisheries 
Experimental Station examined the stomach contents of 34 fishes (26.6 to 
39.3 cm in body length) collected near the waters of Muroran, they found 
that they had eaten small herrings and shrimps, etc., although many of them 
had empty stomachs. 

112. S^stiscus marmoratus (Cuvier et Valenciennes): Kasago. 

A. Digestive System. 
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As the foregoing 5 species all belong to the same Genus Sdnistodes^ 
their digestive system have a strong resemblance to one another, but the present 
species, belonging to the Genus Sebastiscus, differs somewhat. 

The lower jaws of the foregoing 5 species are longer than the upper 
but those of the present species are of equal length, or even the lower jaw 
slightly included. The teeth are arranged in rather wide bands, the ends of 
the premaxillaries being especially wide, and slightly narrower bands are found 
on the vomer and palatines. 'Fongue small and trianguloid, not being free is 
one of its characteristics. Gill-rakers short, tips blunt, on which are small 
numerous processes, 14 to 15 in number. Pharynx with a muscular wall, the 
mucous membrane consisting of deeply grooved longitudinal folds» on account 
of which the power of swallowing food is very strong. 




Fig. 149. Sebastiscus marmoratvs. A. Front view of mouth. B. Stomach. 

Peritoneum white. Stomach i-shape, the same as the above species. 
The other digestive tracts do not have anything that requires special mention, 
only the folds of the intestinal mucous membrane are branch folds instead of 
net-work (PI. XII, Fig. 31). Liver also 2 lobes, the left being larger than 
the right. Air-bladder extremely large, with a thick wall. The fact that the 
stomach, when fished out of the water, turns out through the pharynx is the 
same as in the case of the above species. 

B. Feeding Habits. 

From my examination of the stomach contents of those (15 fishes, 
about 13 cm in body length) collected at Mito, Sizuoka Prefecture, on August 
1, 1931 and those (10 fishes: 15 to 17.7 cm in body length) caught near 
the Misaki Marine Biological Station on August 10th, 1933 and the 5 fishes 
(16 to 18.7 cm) collected by Mr. S. Miyauti at Yokosuka on May 3rd, 1937, 
I am inclined to think that this species feeds chiefly on Crusta<^ living near 
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Ipocks in shallow water and prefer such food as Megalopa larvae. 

According to Miyauti (1936, p. 5), it would seem that the Japanese 
scorpion*fishes generally feed at night. 

113, Inimicus japonicus (Cuvier et Valenciennes^ : Oniokoze. 

A. Digestive System. 

The external and internal appearances of this fish have a very different 
aspect from those of above-mentioned fishes of Scorpaenidac. 

Body elongate, slightly compressed, covered with smooth skin ; head de¬ 
pressed fantastically formed ; body, head and fins with skinny flaps. Mouth 
small, almost vertical. Band of small conical teeth on c'ach jaw and vomer; 
none on palatines. Mouth cavity large; tongue short, triangular, free anterior¬ 
ly, soft, no teeth on the surface. Upper and lower pharyngeal teeth developed. 
Gill-rakers represented by many small bunches of setae (PI. IV, Fig. 14). 



Fig. 150. Inimicw japtmicus. Dorsal view of 
head. 



Fig. 151. Inimicus japonicus. Ventral side. 


Peritoneal cavity moderately large and depressed; peritoneum pale. 
Stomach fairly large, i-shape, wall thick, mucous membrane with longitudinal 
folds. Intestine moderately long (the length being ca. 3 2 times d-^a), winds 
twice horizontally, wall rather thick, mucous membrane assumes net-work folds. 
Wall of rectum thicker than that of the middle intestine. Pyloric appendages 
long and broad, 4 in number. 

Liver large, 2 lobes, left lobe slightly longer than the right, hanging 
over the digestive tract. Gall-bladder spherical, moderately large. Digestive 
organs covered by a membrane. Air-bladder large, wall thick. 

B. Feeding Habits. 

9 fishes which I collected from adjacent waters of Mituhama, Ehime Pref. 
on Apr. 25, 1936, had taken the bottom fishes, shrimps and crabs in their 
stomachs. 


l"ig IbJ Jtiexagrammos atakv A Folds of mucous membrane of stomach 
B Th< same of intestine 
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A. Digestive System. 

Body oblong, more or less compressed. Mouth rather small (m-c being 
ca. 5/21, m-b ca. 5/31 of head length), horizontal; lips rather thick. Jaws 
with bands of moderately large, conical teeth, the outer row enlarged. Mouth 
cavity moderately large ; teeth on vomer but none on palatines. Tongue trian¬ 
gular, wide, free, hard, no teeth and melanin chromatophorcs on the surface. 
Pharyngeal teeth very minute, closely set. Gill-rakers very short, rather close¬ 
ly set, 16 to 17 in number (PI. IV, Fig. 5). 

Oesophagus wide, wall thick ; the folds of mucous membrane longitudinal. 
Stomach moderately large, Y-shape: blind sac large and pyloric part small; 
wall of stomach rather thick, mucous membrane consists of about 8 longi¬ 
tudinal folds and net-work folds between those folds. Intestine long, the 
length being ca. 4.5 times d-^-a), makes a characteristic winding, as shown 
in the hgure, there is some resemblance between the intestinal winding type 
of this species and that of Engraulis japonicuSy wall rather thin, the folds of 
mucous membrane double net-work. Pyloric appendages rather long and slender, 
45 to 50 in number. Mesentery well developed. In the winter season, fat¬ 
cell densely distributed along the mesentery. 

Liver 2 lobes, left lobe larger than the right; gall-bladder a long sac, 
located under the cardiac part of stomach. Spleen large, situated near the 

Table 35 


Stomach contents of Hexagrammos otakii 


Date 

iJuly 

1936 

INov. 2 
; 1935 

't 

tBP 

w 




i 

p 


Locality 



Tokyo 

Fish 

Market 

s’ 

s 

3 

n 

Number of fish 

\ l>5 

1 

1 -'j 

1 

j 

v: 

'Ave, body lenprth (cm) 

! 


TO 


Stomach contents 

i P 

hk 



Gobiidae 

1 

1 


9 

Eggs of fishes 


9 


2 

Certain crabs 



5 

5 

Megalopa larvae of crabs 

1 



1 

Inachinac 

1 



1 

Kaikamuri (Dromia dehaani) 


2 


2 

Spirontocaris sp. 


1 


1 

Shripms 

9 

3 

2 i 

14 

Paguridao 

2 



2 

Eupagurus 

1 

1 


1 

Isopoda 

7 


1 

« 

Clam worms 


1 

1 

2 

Brown algae 

2 



2 

Calcareous algae 


1 


1 

Stones 


2 

1 

3 

None 

1 


2 

3 
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pyloric appendages. 

B. Feeding Habits. 

Judging from the results of my observation on the stomach contents of 
this fish (Tab. 85), it would seem that this fish principally takes the bottom 
animals for its food. 

115. Agrammus agratnmus (Temminck et Schlegel): Kuzime. 

A. Digestive System. 

As the digestive system of this fish has a strong resemblance to 
that of the above species, 1 shall give only the points that differ, as follows: 
the jaw teeth do not take as clear a conical form as those of the above 
species. The gill-rakers are practically the same, except lhat the number is 
2 or 3 less, viz. totalling 13 to 14. Pyloric appendages trifly broader, number¬ 
ing 20 to 22, being about 1/2 of the foregoing species. Form of stomach, 
length of the intestine and its type of winding, folds of the mucous membranes 
of the stomach and intestine are all so alike that it is difficult to distinguish 
any difference. 

P.a 



B. Feeding Habits. 

The 4 samples which I had obtained from the Tokyo Fish Market on 
Apr. 17, 1936 (ranging from 20.1 to 23.4 cm in body length) had eaten 
Ammodytes persomtus, brittle-stars, and other various bottom-living Crustacea. 

Family Cottidae 

116. PseudMennius percoides (Gunther): Anahaze. 

A. Digestive System. 

Body rather elongate, compressed posteriorly; head rather pointed. Mouth 
wide (m-c being ca. 2/5, m-b ca. 3/7 of head length); upper jaw longer than 
the lower. Teeth in jaws conical and slender, directed inward, arranged in 
rows. Vomer and palatines armed with small conical teeth; tongue small, 
triangular, thick, free, no melanin chromatophores and teeth on the surface 
(PI. Ill, Fig. 2). Pharyngeal teeth almost the same aze with jaw teeth. 
About 10 bunches of setae grown on a gill-arch in place of the gill-rakers. 
Peritoneal cavity moderately large; peritoneum silvery. Stomach large. 
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V-shape, blind sac large oval, and pyloric part small. Wall of stomach 
tolerably thick, the mucous membrane consists of about 10 longitudinal serpen¬ 
tine folds. Intestine short (the length being ca. 2.2 times d-^a), winds twice, 
narrow, wall thin, mucous membrane consists of net-work folds. Pyloric 
appendages long (the longest one being as long as 2/3 of the length of stomach), 
ca. 10 in number. 

Liver large, 2 lobes, located on the left and ventral sides of stomach ; 
gall-bladder small, located underneath of the pyloric appendages. 

B. Feeding Habits. 



Fig. 155. Pseudoblenmws percmdrs. A. Head. B. Stomach. Digestive tract. 

This fish is usually found near the rocky places along the entire coast 
line of middle Japan. It is sluggish but voracious, it feeds mainly on Amphipoda, 
Paguridae, dead fishes, mingled with sand particles. 

117, Pseudoblennius coUoides (Richardson) : Asahinahaze. 

Digestive system of this fish is almost the same as that of the above- 
mentioned species. 
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118. Pseudoblennius marmoratus (Doderlein): Ayaanahaze. 

There is hardly any difference between the digestive system of the present 
species and the above-mentioned species saving the slight difference of the size 
of teeth. 

Family Platycephaudae 

119. Platycephalus indicus (Linne): Koti. 

A. Digestive System. 


B 



Fig. 156. Platycephalus indicus. Ventral side. A. Head. B. Dig<‘stive tract. 


Body depressed anteriorly, sub-cylindrical posteriorly. Head depressed 
and smooth. Mouth large, especially the breadth wide (m-c being ca. 1/3 
and m-b ca. 2/3 of head length); lower jaw slightly longer than the upper; 
lips thin; jaw teeth villiform, a band of which in both the upper and lower 
jaws. Mouth cavity depressed ; vomer with small canine-like teeth in a crescent 
band and palatines with a single row of most prominent canine-like teeth. 
Tongue very thin, moderately large, square in shape (which is very rare), 
free anteriorly, surface smooth, dented somewhat, no melanin chromatophores 
(PI. Ill, Fig. 13). Pharyngeal teeth about twice as large as the jaw teeth 
and those on the upper pharyngeal bone are larger than those on the lower. 
Gill-rakers flat, only 4 to 6 at the curve of the gill-arch, the others being 
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rudimentary, and the longest of them is a littltle shorter than the corresponding 
gill-filaments. 

Peritoneal cavity rather small and slightly depressed; peritoneum silvery 
and some melanin chromatophores. Oesophagus wide, with a thick wall. 
Stomach i-shape but akin to Y-shape; blind sac large and elongate; wall of 
stomach thick; mucous membrane of the cardiac part consists of about 10 
longitudinal serpentine folds, and that of the blind sac net-work; pyloric part 
short, with a rather thin wall. Intestine stretches along the right side of the 
stomach and winds twice, wall of which rather thick and the mucous membrane 
consists of longitudinal folds and warts between the folds. Middle intestine 
and rectum are not distinct internally but the former is a little wider than 
the latter. Pyloric appendages 6, rarely 7, all long. 

Liver small and thick, consists of 2 lobes, the left lobe being larger than 
the right; gall-bladder ellipsoid, located at the terminal of the right lobe of 
the liver; cystic duct long. 

Okamoto (1918; reported that the pyloric appendages of this fish numbered 
11 but I am inclined to think that there was a misjudgement in the species, 
and that it was not a real Koti he examined. 

B. Feeding Habits. 

As may be seen from the table below, this species seems to be a real 
bottom feeder. 


Table 36 

Stomach contents of Platycephalus indicus 


Date 

"■'S' 

30^ 

Apr. 1,' 

; 1937 1 

' 1 

Locality 

Tokyo 
Fish 1 
Mai’ket 

b 

p 2.', 

Number of fish 

rc 


■Av. body length (cm) 
Stomach contents 

1 

1 Cji3 

' i 

Kurakakogisu {Neopercis sexfasciata) 

'h'J 

1 

1 

Certain crabs 

1 1 

: 

Kobusigani {l^eucocidvs ohtustfrons) 


4 

Clam-worms 

a i 

•> 1 

Ophiuroidea 

8 1 

1 

5 
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Fig. 157. In^gocia japanim. 
Ventral side. 


1.20. Inegoda japonica (Tilesius): Tokagegoti. 

The digestive system of this fish is almost the 
same as the above species, and there is hardly any 
difference in the form of the stomach, the length 
of the intestine and its type of winding, the folds 
of the mucous membrane, and the number of the 
pyloric appendages, etc. However, the teeth on 
the vomer and palatines are trifly smaller. 

Family Agonidae 

121. Podothecus acipemerinus (Tilesius). 

A. Digestive System. 

Body elongate, angular. Head irregularly 
triangular as viewed from above. Mouth wide, 
entirely inferior, crescent as viewed from below. 
Jaw’ teeth few and weak, excessively so in the 
upper jaw. Patches of barbels in the front and 
back of the mouth. Mouth cavity small; no teeth 
on vomer and palatines; tongue rather large and 
thick, semi-elliptic, free anteriorly, no melanin 
chromatiphores on the surface but 



longitudinal folds instead. Pharyngeal 
teeth villiform. GilJ rakers very short 
and coarse, merely triangular pro- 
' cesses, 13 in number. 

Peritoneal cavity rather large; 
peritoneum silvery, on the surface of 
which scatter melanin chromatophores. 

^ Stomach rather large, V-shape, wall 
thick, mucous membrane fine longi¬ 
tudinal folds which run into each 
other at some places. Intestine rather 
long and moderately wide, wall rather 
thick, mucous membrane consisting 
of folds of indistinct polygonal net¬ 
work, which looks almost smooth to 
the naked eye. Anus opens just in 
front of the anal fin. As the anal 
fin is located very near the mouth, 
the anus also opens in its neighbor¬ 
hood. Pyloric appendages 6 to 7. 

Liver rather large, poly-lobes. 


Fig. 158. Podothecw, ocipenseHnus. 

Ventral side. long. On the ventral side of the 
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digestive tract is the urinary-bladder, ureter opening at the end of the rectum. 
B. Feeding Habits. 

According to Gilbert, this is one of the most abundant species in Alaska 
and may be found anywhere in the shallow waters in the vicinity of the 
Aleutian Islands. It is a bottom fish, and the 5 samples (21.0 cm 24.3 cm in 
body length, : 'P =3:2, caught near the Aleutian Islands on June 30, 
1930) which I obtained had eaten Crago septemspinosus, Diastylidae (Cumacea), 
Amphipoda, sand particles, and diatoms, despite the fact that the gonads of 
females were mature. It would seem that this fish takes bottom creatures 
for its daily food, and the fact that its mouth is located entirely on the ventral 
side of the body gives the impression that it must be very convenient to have 
the mouth located where it is to take bottom food. 

Family Triglidak 

122. L(^pidoirigla micropterus (Gunther): Kanagasira. 

A. Digestive SysU'm. 

Body elongate, more or less fusiform. Mouth large, inferior. A-shape. 
Teeth very small, in broad bands in jaws and vomtT; no teeth on palatines. 
Mouth cavity medium in size; the folds of palatal mucous membrane logitudi- 
nal; tongue moderately large, semi-elliptic, thick, cov(Ted by a membrane, 
barely free anteriorly, no teeth and melanin chromatophores on the surface. 
Villiform teeth on 3 sets of the upper pharyngeal bones and 1 set of the 
lower. Gill-rakers short (slightly shorter than corresponding gill-filaments), 
flat, lips blunt, coarsely grown, 10 to II in number, process on each gill-raker 
numerous. 

Peritoneal cavity rather small; very few melanin chroniatophores on 
peritoneum. Stomach moderately large, V-shape ; cardiac part as long as blind 
sac and pyloric part longer than those 2 parts; mucous membranes of cardiac 
part and blind sac consist of 9 longitudinal serpentine folds and small papillae 
between those folds (PI. VII, Fig. 16) ; folds of pyloric part indistinct. 
Intestine rather short (the length being ca. thrice d---a) and broad, winds 
twice, drawing the letter N; wall thick, mucous membrane consists of net¬ 
work folds. Pyloric appendages wide and long, 8 in number. 

Liver rather thick, 2 lobes, left lobe large and long, while the right short 
and small; gall-bladder medium in size, long ellipsoid. Spleen small, located 
near the pyloric part of stomach. Air-bladder large, bag-shape, wall thick. 

Regarding the digestive tract of Trigla, fairly detailed reports have been 
written by Cuvier and Valenciennes (1833), and Jacobshagen (1911) on T. 
hirundo. According to these reports, the stomach takes the form of the 
letter V, and the wall is thick. The wall of the intestine, however, is thin. 
There is no material difference in these descriptions in comparison with the 
species that I examined, and it is interesting to note that they also give the 
number of the pyloric appendages as 8. But according to Home (1814), the 
pyloric appendages of T*. gumardus count 6. There is a detailed report by 
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Fig. 159. LepUiotrigla micropterus. A. DigeMive 
tract. Ventral side. B. Gall-bladder. 


Okamoto (1918) on just the stomach 
of Lepidotrigla micropterus. 

B. Feeding Habits. 

Instead of taking up any space 
with my humble report, I shall 
quote from the very interesting 
report written by Steven (1930) on 
the feeding habits of gurnards. 
According to his various observation 
of the natural food of those near 
Plymouth, England, and those 
cultured in aquarium ; of the 
different gurnards (Trigla lineata, 
T. cucultiSy T, gurnardus^ T. hirundo ), 
T, lineata in the aquarium spends 
most of its time, crawling over the 
bottom of the tank by means of 
its long finger-like pectoral filaments. 
In addition to their locomotor func¬ 
tion, the filaments are also very 
efficient tactile organs used in the 
finding and identification of food. 

. r. cuculus. T, gumardus 

and T hirundo also possess pectoral 
filaments and use them in the 
manner described, but to a pro¬ 
gressively less extent. 

largely upon Porcellana longicornis, 
Portunus pusillus and Amphipoda. 


Thus we find that 71 lineata feeds very 
and to a less extent upon Galathea, 

Burrowing organisms such as Upogebia and those tubicolus Polychaetes, which 
retract with almost lightning-like rapidity on the slightest provocation do not 
figure in its diet any more than do such active swimmers as the Pandalidae, 
Crangonidae, Palaemonidae, or Pisces.” 


Family Gobiidae 

123. Pterogobius elapoides elapoides (Gunther): Kinubari. 

A. Digestive system. 

Body cylindrical, compre.ssed posteriorly. Mouth medium in size (m-c 
being ca. 4/13, m-b ca. 3/7 of head length), directed obliquely upwards; jaws 
equal; lips thin. Jaw teeth in 2 rows, slender and conical, the inner ones 
minute, in a narrow band ; outer ones much stronger. Mouth cavity moderately 
large; no teeth on vomer and platines. Tongue medium in size, rectangular, 
thin, free, no teeth and melanin chromatophores on the surface; Mm. hypo- 
branchiales developed, Villiform teeth on 2 sets of the upper pharyngeal 
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bones and 1 set of the lower pharyngeal bone. Gill-rakers moderately long 
(the length being ca. 1/2 ofjcorresponding gill-filaments), very slender, coarsely 
grown, 16 to 18 in number. 

Peritoneal cavity small; peritoneum silvery. Oesophagus moderately long, 
broad, wall thick, mucous membrane with 20 longitudinal folds; Stomach 
merely a cylindrical tube, short, wall thick, the folds of mucous membrane 
longitudinal. Intestine short (the length being ca. 1.3 times d--a), winds 
twice, wall thick, mucous membrane consists of papillary processes which 
arranged in longitudinal rows. A valve located between the stomach and the 
intestine. Rectum slightly broader than intestine. No pyloric appendage. 

S 8:^’ 



Liver largo and thick, boat-shape, lifting the digestive tract from below; 
gall-bladder moderately large, ellipsoid ; bile and cystic ducts short. Spleen 
small, located near the boundary between the middle intestine and the rectum. 
Air-bladder large. 

B. Feeding Habits. 

The fishes which I collected from the adjacent waters of the Misaki 
Marine Biological Station, on .July M), 1937 had taken mainly the zooplankton 
in their stomachs. 

121. Chasjnichthys dolichognathus ^nlosus (Guichenot): Dorome. 

A, Digestive System. 

Body oblong, rathei- lobust, compressed posteriorly. Hetid large, broad, 
depressed. Mouth wide (m-b being ca. i,5 of head length) ; uf)per jaw 
slightly longer than the lower. Minute conical teeth in narrow band in each 
jaw. Mouth cavity very large; no teeth on vomer and palatines; tongue 
large, triangular, thin, free anteriorly, no teeth, a few melanin chromatophores 
on the surface. Villiform teeth on 3 sets of the upper pharyngeal hones and 
1 set of the lower pharygeal bone. Gill-rakers very short, flat, tips pointed, 
coarsely grown, lr> to 16 in number. 

Peritoneal cavity rather small. Oesophagus short but wide, wall thick, 
mucous membrane with 17 longitudinal folds. Stomach merely a cylindrical 
tube, broad, longer than the above species, wall thick, mucous membrane 
consists of longitudinal serpentine folds. Intestine short (the length being ca. 
2.2 times d--a), winds twice, wall thick, mucous membrane with papillary 
processes. A characteristic valve located between the stomach and intestine. 
Rectum slightly broader than intestine. No pyloric appendage. 
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FifT. Kil. Chasmichthys dohchog^nathus ^losu.^. 


Liver large, 2 lobes (incomplete boat-shape), right lobe far longer than 
the left; gall-bladder moderately large, ellipsoid. Lancreas distributed around 
the intestine. Air-bladder large. 

B. Feeding Habits. 

During the summer of 1932 and the spring of 1933, 1 collected 84 samples 
of this fish, ranging from 7 mm to 100 mm in body length, near Enosima 
and the Misaki Marine Biological Station and studied the develo|)ment of 
their digestive system and the vicissitude of their feeding habits. 

- As shown in the Table 37, young 

fishes from 7 to 10 mm in body length 
have no teeth, their gill-rakers are in 
the early stage of development, and 
their digestive tract is straight. No 
stomach contents were found, but 1 
am inclined to think that fishes of this 
size feed on micro-plankton and its 
I I I I kind. They are found under floating 

0 1 2 3 cm algae in their infancy. But when they 

Fig. 162. Fating its own young. begin to cut teeth and when the 

stomach and intestine become dis¬ 
tinguishable and the latter begins to wind, that is, when they become 11 to 
15 mm in body length, they leave their former habitat, the floating algae, and 
make school in the upper layer of the sea (generally tide-pools) and feed main¬ 
ly on copepods. And when they are 15 mm, the teeth are fully grown aqd 
the winding of their intestine takes the form of an adult. When they out¬ 
grow this size, the feeding habits peculiar to this species set in, that is, they 
eat each other. When they become over 40 mm, they live near the bottom 
(genarally the bottom of tide-pools) and feed mostly on the sea-slaters {Ligia 
exotica), Amphipoda, Nereis, and their kind, keeping up, at the same time, 
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their internecine struggle. 

Table 37 


Stomach contents of Chasmichthys dolichognathus gulosus 


Body 

length 

(mm) 

Number 

of 

Hsh 

Teeth j j Digestive tract 

Stomach contents 

Habitat 

7'-10 

10 

Early Straight from oeso- 
stage of; phagus to anus; 
growth; ' stomach and inl<*s- 
short; 121 tine just barely dis- 
to 13 in j tinguishable. Liver 
, number > small. 

Indistinct 

1 Under floating 
algae 

11-^15 

10 

pi* Intestine develops, 

-ar y i > making some turns. 

’’ Inf-stin- and sto- 

^ raach become distinct 

Nauplius larvae 
Setella sj). 

Idfimcna sp. 

'Gradually schools 
j the upper layer 

1 of water 


10 

Turnings of intes- 
Gradu- Gradu- tine make further 
ally ' ally development and be* 

develops develops comes fully-growth 

Gope|)oda 

Isopoda 

1 

i “ 

1 Schools the 
upper layer 



size 



21—25 i 

26— ;^o : 

10 

(0 

growth ” B<‘comes adult form 

Fully 

growth 

1 Copepoda 

Own young 

Own young 

Small (tasti-opoda 

j 

1 Gradually leaves 

J the shoal 


5 


- 

1 Gradually sinks 

1 to th(‘ ]>ottom 

41—50 

9 


Own young 

Ligia exotica 

1 Bottom 

1 

51—75 

! 

i 

10 ' 

1 

I 

1 

_ , 1 

Ligia exotica 

Arnphipoda 

Monnstroma 

Own young 

! 

1 

7«>—100 

10 i 

1 

t 

Ligia exotica 

Nereia 

1 


I ' Own voiiriK 

125. Chasmichthys dolichognathus dolichognathus (Hilgendorf) : A>^ohaze. 

A. Digestive System. 

Only the number of scales and the spots on its body are different to 
those of the above species, the digestive system being exactly the same. 

B. Feeding Habits. 

Generally this fish lives in the same tide-pool as that above described, and 
there is no difference in their feeding habits. 

126. Boleophthalmus pectinirostris (Gmelin) : Mutugoro. 

A. Digestive System. 

Body elongate, not so much compressed. Head round. Mouth large 
(m-c being ca. 2/7 and m-b ca. 1/2 of head length); upper jaw slightly longer 
than the lowei-; upper lip thick, the lower thin. Jaw teeth incisor-like and 
small, closely set in a row in both the upper and lower jaws, the front upper 
jaw teeth consisting of 3 sets of large teeth and the lower 1 set. Mouth 
cavity rather large; no teeth on vomer and palatines ; tongue large, semi- 
elliptic, soft, black, smooth, not free. No pharyngeal teeth. Gill-rakers soft, 
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tips pointed, thin, rather short (the length being Ijh to 1/6 of corresponding 
gill-filaments), coarse, approximately 22 in number (PI. IV, Fig. 16). 

^ Peritoneal cavity medium in size; peritoneum 

: black. Wall of oesophagus thick, lined with longi¬ 

tudinal folds, similar to those of Clupeidae, 18 in 
number; the boundary between the stomach and the 
oesophagus being distinct. Stomach, rather long, 
cylindrical, being thicker than the intestine succeed¬ 
ing it, although distinction may be made between 
the stomach and the intestine outwardly, there is 
a valve inside dividing the 2 organs distinctly. 
Wall of stomach thin, mucous membrane consisting 
of 15 longitudinal serpentine folds. Intestine ex¬ 
tremely long, owing to the herbivorous habits of 
this fish (the length being ca. 6 times o—a); as 
may be seen from the figure, the winding is very 
peculiar, namely the middle part of the intestine 
winds clockwise and counter-clockwise just above 
the right side of the rectum; wall thin ; mucous 
membrane being net-work constituting zigzag folds. 
No pyloric appendage. 

Liver taking form of a boat, big, located below 
the stomach; gall-bladder spherical and rather large. 
B. Feeding Habits. 

Prof. I. Amemiya turned over to me of this 
fish which he had obtained from the Ariake Sea 
in June 1929 and ordered me to make an examina¬ 
tion of their stomach contents. I obtained the re¬ 
sults shown in the Table 38, the contents being 
entirely diatoms. In 1937, through the courtesy 
of Mr. K. Isoda which he had collected from the 
Ariake Sea on the 15th Oct. of the same year. The analysis of their stomach 
contents also showed diatoms only. 1 believe that it can be safely said that 
fish specializes in diatoms which thrives on the muddy bottom of shallow water. 



Fig. 163. Boleophthalmus 
pectinirostns. Dorsal si de. 


Table l\S 

Stomach contents of Boleophthalmus pectinirostris 


Datr 

TiC»cality 

1 Number 
of 
fish 

Av. body 
length 
f cm) 

Stomach contents 

June. 1929 

Ariake Sea 

2 

— 

Diatoms (Navicula, Chnetoceras^ Coscino- 
discus^ Thalassioihrix, Dactyliosolen etc.) 

Oft. 15, 19a7 

- 

30 

7.1 

Diatoms {Pleurosigma, NiUschia, Chaeto* 
ceraSf Amphoray Coscinodiscus, Biddulphia, 
etc.) 
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127. Periophthalmus cantonensis (Osbeck): Tobiliaze. 

A. Digestive System. 

Body elongate, rather compressed. Mouth large (m-c being ca. 5/17, m*b 
ca 5/8 of head length) ; upper jaw slightly longer than thf» lower; jaw teeth 
small; a row of about 20 teeth in each jaw. Mouth cavity depressed, rather 
large; no teeth on vomer and palatines; tongue large, triangular, not free, 
covered with a rather thick membrane. Pharyngeal teeth so small that, if felt, 
they may be felt on the finger. Gill-rakers very short, merely small triangular 
processes, 16 to 18 in number. 

Peritoneal cavity moderately large; peritoneum 
black. Stomach a rather short and straight cylinder. 
may not be distinctly distinguished from the intestine * /// 

outwardly but the mucous membrane within. Mucous / 

membrane of the former con.sists of approximately 12 » / Ijf /--nM 

longitudinal folds and the latter folds similar to the I j I t \\\ 
veins of a leaf. Intestine rather long (the length be- 5 / \ \ ’;\1 

ing ca. 2.5 times o^aj, wall thin, wands 1 times. I / j ! Ivi 

It IS worth nothing that owing to the liver being H - \ \ '1 

situated on the ventral side, the intestine is located ; 'i (\ \ i |; 1 

on the dorsal side of the stomach. No pyloric ap- .1 1 ; 

pendage. 1 ' 1 

Liver large and long, consisting of 2 lobes, locat- ! 11 / j j 

ed at the ventral side of the digestive tract; gall- 
bladder large, spherical. Spleen small. / // 

B. Feeding Habits. \ rj'- 

Penophthalmus has the \ ery curious habits of \ // / * 

coming out of the water, jumping about on the shore, K_liJ 

and even climbing trees. Owing to its peculiarities, „ „ , , , 

1111 . r 1 r I V 1 f’lK- Prriophthalmus 

as already stated, the habits or this nsh have drawn cantoumsts. Dorsal side, 
the aitention of many people. According to Hickson 

(1889), it not only feeds on animals in the water but on crabs crawling along 
the shore and insects flying in the air. As for the feeding habits of Japanese 
Periophthalmus, the species under review, Hchida (1935) says that it eats small 
aniirals along the beach, such as little crabs and worms, etc. 

128. Trypauchen vagina microcephalus (Bleeker); Akauwo. 

A. Digestive System. 

Body very long, greatly compressed. Eyes very small. Mouth moderate 
(m-c being ca. 2/7, m-b ca. 2/5 of head length), directed obliquely upwards; 
lower jaw longer than the upper; lips rather thick. Teeth in 2 rows, the 
outer ones enlarged ; no canines. No teeth on vomer and palatines. Tongue 
large, oval, thick, free anteriorly, no teeth and melanin chromaiophores on tlie 
surface. Upper pharyngeal teeth rather developed. Gill-raker rudimentary. 

Peritoneal cavity exceedingly small; no melanin chromatophores on perito¬ 
neum. Oesophagus rather short and wide, wall thick, mucous membrane 
consists of 18 longitudinal folds. Stomach merely a cylindrical tube, bulgy in 
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the middle; wall thick, mucous 
membrane consists of 8 longitudinal 
folds. Stomach and intestine clear¬ 
ly distinguished externally by a 
constriction and internally by a 
valve. Intestine short (the length 
being ca. thrice d--a), winds twice 
forming a letter N, wall rather 
thick, mucous membrane with 
papillary processes. Anus opens 
just in front of the anal fin. Mesentery densely distributed. 

Liver large, thick, boat-shape, lifting the entire digestive tract from below ; 
gall-bladder moderately large, spherical. No pyloric appendage. Spleen located 
near duodenum. 

B. Feeding Habits. 

According to rny examination of the stomach contents of 12 fishes (9.8 
cm in average body length) collected from the adjacent waters of Tomo, 
Hirosima Prefecture on Mar. 26, 1936, 1 found that every one of them had 
taken the moderate quantity of small dead animals (?) and other various 
dirty stuff, as well as the mud at the bottom of the sea. 

Family Echkneidae 

129. Echeneis brachyptera (Lowe) : Kurokoban. 

A, Uigeslive System. 

Body rather robust, compressed'behind ; a elliptic sucker on the dorsal 
side. Mouth large (m-c being ca. 1/2 of head length, m-b being broader 
than ra-c), oblique, lower jaw much projected. Small and sharp teeth on the 
jaws, vomer, palatines and tongue; those of the inner series in the upper- 
jaw and outer series in the lower, larger than others. Buccal cavity depnssed, 
tongue small, semi-elfiptic, free, armed with teeth. E^haryngeal teeth small, 
the upper divided into 3 sets. Gill-rakers grow coarsely, slender and short 
(the length being ca. 1/3 of corresponding gill-filaments), vertical to the gill- 
arch, flat, numbering 13. 

Peritoneal cavity moderate in size; melanin chromatophores none what¬ 
ever on the peritoneum. Digestive tract a wide, straight tube; 1/3 of the 
front part of which being the stomach and the latter 2/3 the intestine ; at 
the end of the intestine is the rectum; the stomach, intestine and rectum 
being distinctly divided by valves; walls of the stomach, intestine and rectum 
thick alike; mucous membrane of stomach consists of about 10 longitudinal 
folds, that of the intestine consits of long papillary processes (PI. XI, Fig. 23), 
and that of the rectum short papillary processes. Like those of the tunny, the 
pyloric appendages of this fish are a mass of small clusters covered with a 
piece of membrane which looks something like the liver, and covers the lower 
left of stomach. Gall-bladder spherical and rather large; Ductus choledochus 


s 



Fig. 165. Trypauchen vagina rntcrocephalus. 
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Fir. 16(i, Echeneis brachypteta. A. Head, li. Di#?<‘stive tract. 

short and opens at the beginning of intestine. Liver small, consisting of 1 
lobe and situated at the lower part of the cardiac part. No air-bladder, 

Jacobshagen (1911) examined the digestive tract of Echeneis remora and 
pointed out that it consists of a V-form stomach and an intestine that makes 
short turnings. It is uncommon that fishes which belong to the same genus 
Echenis should have such different digestive tract. 

B. Feeding Habits. 

As the fishes which belong to the family Echeneidac stick themselves 
fast to the large fishes with their suckers, it has often been discussed among 
the fishermen as to their method of obtaining food. According to the late 
Mr. Kumakiti Aoki of the Misaki Marine Biological Station, the fishes feed 
on the food which the larger fishes, such as sharks and swordfishes, drop 
while they themselves are feeding. But S. Nakamura (1935), who observed 
the feeding habits of the I^ptecheneis naiicrates which had attached itself to 
a shark, in the aquarium at Kominato, Tiba Prefecture, wrote in his report 
that the fish detached itself from the shark in order to get its food, but as 
soon as it saw that the shark w^as swimming away, it would immediately give 
up its food and go back to the shark. Jordan (1907), in p. 679, and 
Eioulenger (1922), in p. 691 of their books respectively, state that the fishes 
of the family Echenidae are carnivorous. In June 1935, I examined the 
stomachs of 3 fishes (body lengths 5.7, 5.9, 6.2 cm) which were attached to 
Makaira mitsukurii caught off Izu Peninsula and found them entirely empty. 
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Family Uranoscopidae 


130. Uranoscopus japonicus (Houttuyn): Misimaokozo. 

A. Digestive System. 

Body rather elongate, not compressed. Head large. Mouth large (m-c 
being ca. 1/3, m-b ca. 2/3 of head length), directed almost vertically upwards ; 
Ipwer jaw situates in front of the upper; lips thin, fringed with papillae. 
Teeth in jaws small and conical, arranged in 3 to 4 rows in upper jaw, and 
in 1 or 2 rows in the lowei. Mouth cavity rather small; vomer and palatines 
with a narrow patch of teeth. Tongue large, semi-circular, free, no teeth and 
melanin chromatophores on the surface. Pharyngeal teeth vilhform. Gill-rakers 
obsolete, represented h\ 17 small bunches of setae (PI. IV, Fig. 13). 



Fig. 167. Uranoscopus japonicus. A. Gill-rakers. B. Digestive trad. 
Ventral side. C. Pancreas on mesentery. 


Peritoneal cavity moderately large, no melanin chromatophores on perito¬ 
neum. Oesophagus long with thick wall, mucous membrane consists of 14 
longitudinal folds. Stomach rather large, V-shape, blind sac the largest. 
Wall of stomach thick, the mucous membrane having longitudinal serpentine 
folds. Intestine moderately long (the length being ca. 2.8 times d-w-a), winds 
twice, wall rather thick, mucous membrane consists of longitudinal tortulous 
folds. Last 1/8 of intestine being the rectum; rectum wider than the middle 
intestine, and the two parts clearly distinguished by a valve. Pyloric appen¬ 
dages 8, rather wide but short. 
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Liver 2 lobes, left lobe ca. thrice as long as the right, thin, covering the 
digestive tract from above; gall-bladder extremely large, ellipsoid. No air- 
bladder. 

B. Feeding Habits. 

I did not have a chance to study the feeding habits of this fish, and so 
I shall give the purport of an article which appeared in the Ann. and Mag. 
Nat. Hist, 1890, II, p. 205. Of 25 Uranoscopm crassiceps caught in the bay 
of Bengal, in a depth of 98 to 102 fathoms, the investigator found that one 
of them had eaten 7 Scopelns pterotus (from the book written by Goode 
and Bean, 1895, p. 291). 


Family Ammodytjdae 

131. Ammodytps personatus (Girard): Ikanago. 

A. Digestive System. 

Body €‘longate, lanceolate. Snout pointed ; mouth moderately large (m-c 
being ca. 1/3, m-b ca. 1/6 of head length), directed oblitjuely upwards: lower 
jaw longer than the upper; lips thin. Jaws without teeth. Tongue medium 
in size, elongated trianguloid, thin, free, melanin chromatophorcs on the surface. 
Villiform teeth on pharyngeal bones. Gill-rakers long (as long as correspond¬ 
ing gill-filaments), flat, tips rather pointed, closely set. 18 to 22 in numl)er. 



pu I* P ' 

Fi#i. IW. Ammodytes personntm. 

Peritoneal cavity elongate; ixTitoneum with melanin chromatophores. 
Oesophagus wide, wall thick, 14 longitudinal folds on the mucous membrane. 
Stomach elongate, i-shape, wall rather thick, mucous membrane consists of 
12 longitudinal folds; pyloric part with the thickest wall, folds of mucous 
membrane 7 to 8 rows in this part. Intestine short (the length being ca. 1.4 
times d—a), having 2 short turnings, rather narrow and thin, mucous mem¬ 
brane with longitudinal serpentine folds of small papillary processes. Fay your 
attention to the characteristic mode of connection between the pyloric part 
of stomach and duodenum. Rectum broader than the middle intestine. No 
pyloric appendage. 

Liver 2 lobes, left lobe as long as the right, rather thick, lifting the 
stomach from below. Gall-bladder spherical; bile duct rather long. Spleen 
small, located near the blind sac of stomach. 

Rathke (1824) describes that the Ammodytes tobiamis has the pyloric 
appendages. 

B. Feeding Habits. 
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According to Bigelow and Welsh (1925, p. 185), the sand-eels {Ammodytes 
americanus) are omnivorous, feeding on aU sorts of small marine animals, but 
chiefly on small Crustacea, especially copepods, and on fish fry, including their 
own kind. In Scandinavian waters, indeed, the larger ones seem to live 
chiefly on the smaller. Worms have also been found commonly in the 
stomachs of sand-eels, but it is not likely that they catch these while burrow¬ 
ing, as some writers have suggested. 

Family Blenniidae 

132. Salaries enosimae (Jordan et Snyder): Kaeruuwo. 

A. Digestive System. 

Body deep and greatly compressed. Mouth small. A row of minute 
teeth in both jaws; gill-rakers short. According to Ishida (1935), the oeso¬ 
phagus and stomach are both thick and short; the intestine, narrow and ex¬ 
tremely long, winds several times. (He was the one who discovered that 
ciliated epithelium composed the central part of the intestine). Cuvier and 
Valenciennes state in their book that the intestine of S. meleagris is very 
long and winds in the form of a double spiral. 

B. Feeding Habits. 

According to the report of Ishida, this fish feeds on sea-weeds all the 
year around. 

133. Enedrias nebulosus (Temminck et Schlegel) : Ginpo. 

A. Digestive System. 

Body elongate, greatly compressed posteriorly. Mouth small (m-c being 
ca. 1/5 and m-b ca. 5/2fi of head length), directed slightly upwards; lower 
jaw trifly longer than the upper; teeth short, blunt, in narrow bands on both 
jaws. Mouth cavity small; a few minute teeth on the vomer; tongue medium 
in size, trianguloid, thick, smooth, free anteriorly, no melanin chromatophores. 
Pharyngeal teeth conical and numerous. Gill-rakers short (the length being 
ca. 1/6 of corresponding gill-filaments), pointed (some forked), 12 in number 
of average. 



Stomach I-shape, small, wall rather thick, folds of the mucous membrane 
longitudinal; stomach completely covered behind the liver. Duodenum wide; 
intestine narrow, winding zigzag or serpentine (such a winding-type being very 
rare); mucous membranes of the duodenum and intestine consist of net-work 
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folds. Intestine is divided into the middle intestine and rectum by a valve. 
No pyloric appendage. 

Liver rather large, consists of large right and left lobes; gall bladder 
ellipsoidal; bile and cystic ducts short. Spleen small, located near the duodenum. 
B. Feeding Habits. 

I collected 5 of this fish 14.3 cm in average body length from the adjacent 
waters of Usima, Hukuoka Prefecture in July, 1936. They had taken mainly 
young fishes, or larval fishes. 

134. Dinogunellus p^rigorjewi (Herzenstein) : Nagazuka. 

A. Digestive System. 

Body elongate. Mouth large (m-c being ca. 2/3 and m-b ca. 5/7 of head 
length), lower jaw longer than the upper; teeth on jaws in bands; those in 
the upper jaw minute, those in the lower slightly larger. Mouth cavity rather 
small; palatal mucous membrane without folds ; teeth on vomer small, blunt; 
those on palatines larger, irregular in size, the largest f)eing about twice as 
long as the longest jaw tooth. Tongue large, triangular, smooth, no melanin 
chromatoi)hores, thick, free. 1 eeth on the pharyngeal bones rather large and 
conical, curving in. Gill-rakers not developed and represented by a few small 
bunches of setae. 

Peritoneal cavity rather slender; peritoneum silvery. Stomach large, i- 
shape, wall thick: mucous inemlmane consisting of about 12 longitudinal folds; 
cardiac part and blind sac wide, pyloric part narrow and short. Intestine 
moderately long (the length being ca. 2.5 times d-^a), winds twice forming 
an N, rather narrow, wall thick, mucous membrane consisting of net-work 
folds; divided into the middle intestine and rectum bv a valve. Pyloric 
appendages rather short. 5 in number. 

Liver large, 2 lobes, the left being large and long, the right short and 
not as large, rather thick, Gall-bhiddcr rather large, s[)herical; bile and cystic 
ducts both very short. Air-bladder located near the rectum, very small, 
ellipsoid. 

B. Feeding Habits. 

According to the fishermen of Sameminato, Awomori Pref., this fish is 
carnivorous. 

Remarks: 

Thus, the cibove is a description of the digestive organs and feeding 
habits of 3 species which belong to the family Blenniidae. But regardless of 
the fact that these 3 species come from the same family, there is quite a 
difference in the form of their gill-rakers, stomach and intestine ; the existence 
and non-existence of pyloric appendages, etc., ete. It is very seldom that the 
internal organs of the species coming from the same family should vary 
like the present species and may be, in my opinion, a matter of importance from 
a systematic standpoint. Furthermore, the feeding habits of 1 of the species 
are herbivorous while the other 2 arc carnivorous. 



I) Gallbladder 
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Family Ophidiidak 

135. Otophidium asiro (Jordan et Fowler) : Asiro. 

A. Digestive System. 

Body elongate, compressed, the tail tapering to a point. Head oblong, 
compressed; snout rather blunt. Mouth large (m-c being ca. 1 /2 of head 
length), directed obliquely upwards; lower jaw slightly included. Teeth in 
jaws rather small but pointed, grown in broad bands; a single series of small 
conical teeth in vomer; those on palatines villiform. Tongue very small and 
slender. Pharyngeal teeth as large as jaw teeth. Gill-rakers .short (as long 
as corresponding gill-filaments), flat, tips pointed, ,5 to 6 in number, process 
on each gill-raker numerous. 

B 



Peritoneal cavity rather small and elongate; a few melanin chromato- 
phores on peritoneum. Oesophagus moderately broad and with thick wall, 
mucous membrane consists of 9 to 10 longitudinal wide folds. Stomach large, 
V-shape, wall thick, mucous membrane consists of longitudinal serpentine folds. 
Intestine rather long (tlie length being ca. thrice d-^a), winds as shown in 
the figure, wall thin, mucous membrane consists of longitudinal folds of papillary 
processes. Rectum short. There is a valve between the intestine and the 
rectum. Pyloric appendages large and long, 11 in number. 

Liver large, 2 lobes, left lobe far larger than the right; gall-bladder small 
and slender. Air-bladder short and thick and with a large foramen. 

B. Feeding Habits. 

I collected 14 fishes (30.8 cm in average body length) from the Mitu- 
hama Fish Market on Mar. 21, 1936, and 10 fishes from the Tyosi Fish 
Market on Sept. 15, 1936. The former had taken the crabs, the shrimps 
(Pandalidae, Pasiphaeidae) etc., and the latter the crabs and the brittle-stars 
in their stomachs. 
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Family Pleuronectidae 

136. Paralichthys olivaceus (Temminck et Schlegel): Hirame. 

A. Digestive System. 

Body oval, strongly compressed. Eyes on the left side. Mouth large 
(m-c being ca. 5/13 of head length), oblique, cleft of mouth on the left and 
right sides almost of the same length but the right side of some is longer 
than the left. Teeth in each jaw large and conical, arranged in 1 row; those 
in the anterior part large but become smaller backwards, there being no 
great difference in the number at the left and right sides, besides which are 
numerous small hinged teeth. Mouth cavity narrow ; palatal mucous membrane 
longitudinal folds; no teeth on vomer and palatines. Tongue almost trian¬ 
gular, transverse section triangular, thin anteriorly, free, soft and no melanin 
chromatophores. Upper pharyngeal teeth conical, well developed, the lower 
not so (they being merely felt coarsely on the hand, if felt). Gill-rakers rather 
long (as long as corresponding gill-filaments), flat, 20 in number of average, 
process on each gill-raker numerous. 

Peritoneal cavity very much compressed; peritoneum silvery. Oesophagus 
short and wide, wall thick, mucous membrane consisting of about 18 longi¬ 
tudinal folds. Stomach large, “1-shape but curves as illustrated, in the from 
of a bow; mucous membrane of the cardiac part consists of 8 to 9 longitudinal 
folds which run in short zigzags, grooves between the folds being dt^ep and 
each groove consisting of fine longitudinal folds; mucous membrane of the 
blind sac longitudinal serpentine folds; pyloric part round and very small, 
connects with the duodenum by a valve. Intestine rather long and wid(^ (the 
length being ca. 2.6 times d---a), the‘first part draws a ring and the n^st from 
the middle bends in zigzag form, wall rather thick, mucous membrane petal- 
like folds. Intestine divided by a valve distinctly into the middle intestine 
and the rectum. Pyloric appendages broad and large, 4 in number, mesentery 
well developed, 

Liver moderate in size, 2 lobes, the left being larger than the right, 
located approximately on the left side of the digestive tract. Gall-bladder 
large, spherical, located on the right of the pyloric part of the stomach ; near 
the end of the gall-bladder are the islets of Langerhans. Bile duct long, 
opening to the duodenum. Around the stomach and along the mesentery are 
the pancreas, densely scattered. 

As for the digestive system of this fish, Otaki (1897) who studied the 
Japanese Pleuronectidae, wrote a report on the teeth and gill-rakers of this 
fish, Okamoto (1918) on its stomach, and Hikita (1934) who made a study of 
flat-fishes in northern Japan, on its digestive organs. In Okamoto’s report, 
the number of the pyloric appendages of this fish is given as 7 to 8, but I 
am inclined to think that this was due to a misobservation. 

B. Feeding Habits. 

According to Otaki (1897), this fish feeds on various fishes near the bottom, 
shrimps, and cuttle-fishes. When I examined the stomach contents of those 
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(10 of them, 9.0-12.7 cm in body length) caught on May, 17, 1936 and the 
3 (9.9, 10.2, 10.3 cm) collected on January 10, 1939, I found that they 
had eaten a large quantity of cuttle-fishes and fish bones but hardly any trace 
of their having had shell-fishes, clam-worms, or brittle-stars that live in the 
sand at the bottom could be found. But in reading the report of Bigelow 
and Welsh (1925, p. 493) on the feeding habits of Paralichihys dentatus, one 

comes across the following description: “.. feeding largely on small 

fish of all sorts, on squids, and likewise on crabs, shrimps, and other crusta¬ 
ceans, small shelled mollusks, worms and sand dollars ”, which means that it 
feeds also no small animals living at the bottom. 

137. Atheresthes evermanni (Jordan et Starks): Aburagarei. 

A. Digestive System. 

In order to avoid duplication, I shall describe only the points which differ 
from those of the above species. 

Eyes on the right side of the body; cleft of mouth on both sides, as in 
the above instance, almost of the same length, only the number and growth 
of the teeth differ somewhat, namely, in the lower jaws are 2 rows of conical 
on each side, in the upper 2 rows on the right and 1 on the left (the others 
being villiform teeth). The present species has more teeth than the above. 
Gill-rakers 10 to 14. Stomach also i-shape which curves in the form of a 
bow. Intestine extremely short, no zigzag turnings but winds round in the 
form of a circle and an N combined. 

Liver 2 lobes, and regardless of the fact that its eyes are on the right 
side (when the body is laid down, the left and right of the body becomes 
vice-versa to the afore-mentioned species), the left lobe is larger as in the 
case of the above species, which is very interesting. The number of pyloric 
appendages is also 4, but 3 are big and 1 small. 

B. Feeding Habits. 

According to the examination of those (body length; 38.0, 97.5 cm) 
caught near Muroran by the Muroran Branch of Hokkaido Fisheries Experi¬ 
mental Station (1929), cods, herrings, other fishes and fish bones were found 
in their stomach (although many of them had empty stomachs). It would 
therefore seem from these results that the principal food of this species is 
fish. 

138. Hippoglossoides elassodon (Jordan et Gilbert): Umagarei. 

I have already written a report on the digestive system and feeding 
habits of this fish (1934). 

A. Digestive System. 

That there are 17 to 20 gill-rakers is one of the slight differences of this 
fish when comparing it with the above 2 species.' The approximately same 
length of cleft of mouth on both sides, the single row of jaw teeth, tongue, 
pharyngeal teeth, stomach, intestine, pyloric appendages, liver, etc. are also 
all approximately the same, and so I shall not describe them again. Eyes on 
the right side of the body; the type of intestinal winding similar to species 
137. 
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B. Feeding Habits. 

I examined the stomach contents of the 6 fishes which Mr. H. Higasi 
collected on June 28, 1933 from the Bering Sea (25.7“-28.6 cm, : ^=2:4) 
and found that they had eaten Crustacea (chiefly Crago) and Ek:hinodermata 
(chiefly Ophiurd). No shell-fishes, clam-worms, or sand particles were found. 
139. Lepidopsetta mochigarei (Snyder) : Asabagarei. 

A. Digestive System. 

Eyes on the right side. Mouth on the right side small, oblique (m-c being 
1/7 to 1/8 of head length); right cleft of mouth longer than the left. Lower jaw 
longer than the upper. Jaw teeth conical and blunt, in a single row, those 
in the left side numerous and large and those in the right few and extremely 
small. Tongue almost triangular, thin anteriorly, free, soft, no melanin chro- 
matophores. Pharyngeal teeth conical, bearing a strong resemblance to the 
jaw teeth. Gill-rakers short and coarse, approximately 10. 






Fig. 174. Lepidopsetta mochigarei. A., 6. Mouth. C. Digestive tract. 


Peritoneal cavity small and compressed; peritoneum silvery. As in the 
above 3 species, stomach takes the form of a curved I-shape and not i-shape 
due to the absence of the pyloric part and blind sac; wall moderately thick, 
mucous membrane longitudinal serpentine folds. Intestine moderately long 
(the length being ca. 2.4 times d--a), the first part forming a circle and the 
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latter part the letter N, wall thick, mucous membrane, petal-like papillae which 
grow irregularly and longitudinally. Succeeding the stomach are 4 rather 
small pyloric appendages. 

Liver not large, weighing about 1/47 of the body weight, consists of 2 
lobes. Gall-bladder large, almost spherical; cystic duct rather long. Pancreas 
may be found scattered around the pyloric appendages and along the mesentery. 
B. Feeding Habits. 

For detailed information, please refer to the report which I have already 
written in 1934, 

An examination of those caught in 4 different places at different times 
in the North Pacific showed the following results: they had eaten small 
animals which live at the bottom, such as Aega that comes from the family 
Isopoda, certain Amphipoda, Crustacea such as Cumacea and Eupaguridae, 
Pelecypoda such as Yoldia or Cardium, Echinodermata such as Ophiura^ 
and Polychaeta such as Glycera or Nereis^ etc. They had not eaten any fish 
or large Crustacea. 

Table 39 


Stomach contents of Lepidopsetta mochigarei 
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140. Limanda Yokohamae (Gunther): Makogarei. 

A. Digestive System. 

Eyes on the right side of body. CJeft of mouth on the left side longer 
than the right. Jaw teeth on the left side large and numerous, those on the 
right degenerate. Gill-rakers short and small, about 10. Stomach a bow¬ 
shaped I; hardly any difference in the digestive system in comparison with 
the previous species (No. 139); pyloric appendages 8 to 13 (note that the 
number of pyloric appendages for a fish from the family Pleuronectidae is 
usually 4). 

B. Feeding Habits. 

According to 6taki, (1897), this fish takes for its principal food certain 
shrimps, crabs, clam-worms, brittle-stars, shell-fishes fish, etc. 

141. Kareius bicoloratus (Basilevvsky): Isigarei. 

A. Digestive System. 

Eyes located on the right side of the body. Mouth small (m-c being ca. 

1/5 and m-b ca. 3/20 of head length), oblique; cleft of mouth on both 

sides approximately the same, the left being slightly longer. Jaw-teeth in 1 
row, incisor-likc and numerous, more in the left side than in the right. No 
teeth on vomer and palatines. Tongue large, triangular, free anteriorly, no 
teeth and melanin chrornatophores on the surface. Pharyngeal teeth almost 
the same as the jaw teeth: according to Hikita, (1931, p. 194), those on 

the ui)per pharyngeal bones number 1-6 to 12, 11-12 to 27, and III-3 to 10. 

Gill-rakers strong and short (the length being ca, 1/4 of corresponding gill- 
filaments), tips pointed, in average 8. 

Stomach wide, a bow-shaped tube, having no blind sac or pyloric part, 
wall thick, mucous membrane consisting of 12 to 14 longitudinal serpentine 
folds. Intestine longer than the above 2 species (the length being ca. 2.6 
times d—a), the type of winding being similar to that of Paralichthys olivaceus, 
wall rather thick, mucous membrane being longitudinal folds constituted by 
papillary process (PI. XII, Fig. 30). A valve divides the stomach and intes¬ 
tine and the intestine and the rectum. Pyloric appendages small, numbering 
2 to 3. Mesentery well developed. 

Liver 2 lobes, the left being larger than the right. Gall-bladder large 
and spherical; bile duct long. 

B. Feeding Habits. 

According to 6taki (1897), this fish lives principally on clam-worms, shell¬ 
fishes, small shrimps and sardines; small animals which live at muddy bottoms. 
Remarks. 

According to Hikita (1934), species No. 136, No. 137 and No. 138 belong 
to the sub-family Hippoglossinae and No. 139, No. 140 and No. 141 to the 
sub-family Pleuroncctinae, but there is an interesting difference in the digestive 
system of these 2 sub-families; that is, cleft of mouth on both sides (sides 
with and without eyes), for the former 3 species is almost the same length, 
but the cleft on the side without eyes for the latter 3 is longer than the side 
with eyes; number of jaw teeth in both sides of the former almost the same. 
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but the latter has more in the side without eyes. Stomach of the former i- 
shape and the latter I-shape (this is worth nothing). Regardless of whether 
the liver is located to the left or right of the eyes, the left lobe is always 
larger than right. And it would seem that the latter 3 are much more 
genuine bottom feeders than the former 3 species. 

Regarding the study of the digestive systems of Pleuronectidae, as already 
stated in the foregoing pages, Cole’s (1901) work requires special mention. 
He made a very detailed anatomical study of Pleuronectes platessa. In addi¬ 
tion to his work, there is the work of Cuvier (1810) who studied the digestive 
tract of Hippoglossus vulgaris, Limanda limanda, and others, and the reports 
of Rathke (1824), Meckel (1829), Eggeling (1908), Jacobshagen (1911), Dawes 
(1929), and Pernkopf (1930), on the digestive organs of various foreign flat¬ 
fishes. Dawes made a histological observation and found that the intestine 
and pyloric appendages were similarly constructed. 

In connection with the feeding habits of Pleuronectidae, we cannot over¬ 
look the report made by Franz (1910). He examined the stomach contents 
of many Pleuronectes platessa from the North Sea and discovered that it 
chiefly ate Pelecypoda, Ophiuroidea and Nereis, Bean (1889), T. Scott (1911) 
and Hertling (1928) studied the feeding habits of adult flat-fishes and Linton 
(1921) made a study of the young. Mortensen (1897) and Petersen (1910, 
1911) accomplished an important study on the migration of flat-fishes and 
bottom food. 

Family Cyno(;lossidae 

142. Rhinoplagusia japonica (Temminck et Schlegel): Kurousinosita. 

A. Digestive System. 

Kyes on the left side of body. Body broad-ovate, very much compressed. 
Mouth small, terminal, curved and unsym- 

metrical. Hook of upper jaw very long. > «b 

Tentacles on lips of left side (no tentacle 
on the right side). Small conical teeth in 
bands on jaws of right side; teeth on the 
right degenerated. Mouth cavity small and 
compressed. Tongue medium in size, semi- 
elliptic, thick, free anteriorly, black in colour. 

Pharyngeal teeth conical, larger than jaw 
teeth, especially those on upper pharyngeal 
bone lai’ge. Gill-rakers completely de¬ 
generated. 

Peritoneal cavity very small and com¬ 
pressed ; peritoneum silvery. Oesophagus 
short, folds of mucous membrane longitudinal. 

Stomach merely a cylindrical tube, rather Fig* 177. Rhinoplagusia japonica, 
broad, mucous membrane consists of longi- 
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tudinal serpentine folds. Intestine moderately long (the length being ca. 4/5 
of body length), first drawing a circle, makes 1 turn and then bends in a 
zigzag manner. Its mucous membrane consists of numerous small papillary 
processes. No valve between stomach and intestine. No pyloric appendage. 

Liver 2 lobes, left lobe large while the right small; gall-bladder large 
and spherical, located between the cardiac part of stomach and the right lobe 
of liver. Bile duct long, opens at the beginning part of duodenum. Mesen¬ 
tery and pancreas well developed around the intestine. 

B. Feeding Habits. 

I could not obtain enough samples to ascertain the feeding habits of this 
fish. However, Ehrenbaum (1936, p. 230) says on the natural food of 
Solexi vulgaris which is rather closely related to my sample “ Als Nahrung 
spielen die grosste Rolle verschiedene Borstenwiirmcr (bes. Pectinaria auricoma)y 
demnachst Kruster vcrschiedener Familien (Crangoriy Portunus, Amphii.oden, 
Isopoden, Mysideen, Cumaceen, bes. Diastylis), ferner Muscheln {Solen, Syn- 
dasmia, Mactra, Donax), weniger Stachelhauter (Echinocyamus, Ophiothrix) 
und noch weniger Fische {Ammodyiesj Gobius, Rhombus, Pleuron, Limanda 
und Amphioxus)"' According to Couch (1864, p. 201), sole usually seeks its 
food only by night. 

143. Areliscus joyneri (Giinther) : Akasitabirame. 

A. Digestive System. 

The differences in the digestive system of this fish in comparison with 
the above-mentioned fish are as follows:-' 



No tentacles about the mouth; tongue not black, stomach 
outside; intestine slightly longer than the above-mentioned species, 
ly, the winding type of the intestine of this fish differs somewhat 
the above species; right lobe of liver rather long. 

B. Feeding Habits. 


grey from 
according- 
to that of 
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I do not think that there is a great deal of difference in the feeding 
habits of the present species and those of the above-mentioned species. 

Family Gadidae. 

144. Gadus macrocephalus (Tilesius): Tara. 

I have already made a report (1934) on the digestive system and the 
feeding habits of this fish. 

A. Digestive System, 

Body elongate, compressed, somewhat ovate. Mouth large (m-c being 1 /3 
and m-b 1/2.7 of head length), slightly oblique upwards, upper jaw project¬ 
ing slightly than the lower, jaws not protrusile; I pair of barbels in the low’^er 
jaw, the length of which being a little longer than the diameter of the eye. 
Teeth in upper jaw consist of 4 rows of pointed conical teeth, the outside 
row being the largest and the teeth of the 3 inner rows being small; teeth 
in lower jaw are also pointed conical but only 1 row of them. On the vomer, 
there is a group of teeth forming the letter V, which teeth are about the 
same size as the minute teeth in the upper jaw. They are all hinged teeth. 
Matuno (1924) has already written a report on the teeth, etc. of this fish, but 
the n'port was simple and gave no description of the hinged teeth. Buccal 
cavity unusually large; l^licae palatinae consisting of some 30 or 40 fine 
longitudinal folds; melanin chromatophores on the buccal mucous membrane 
lacking entirely. Tongue moderately large, semi-elliptic, rather thick, free, tip 
rather soft, smooth surface, small papillae exist scattered, no melanin chro¬ 
matophores. Both upper and lower pharyngeal teeth pretty well developed, 
the upper pharyngeal teeth consisting of 20 to 50 small conical teeth on each 
of the 3 sets of pharyngeal bones, the teeth curving in : the lower consist 
of a pair group of teeth forming a pair of half-moon, the size of the teeth 
being about the same as the upper. Gill-rakers flat and oblique to the gill- 
arch, moderately long (2/3 of corresponding filaments), thick at the beginnings 
and pointed at the tips, coarsely grown, 18 to 22 in number, process none 
whatever. 

Peritoneal cavity large ; peritoneum black. Oesophagus thick and short, 
wall thick, mucous membrane consisting of about 50 fine longitudinal folds. 
Stomach a big sac, “J-shape. Cardiac part and the blind sac are not distinct 
from one another but a slight difference in the mucous membrane, that is, 
the folds of the mucous membrane of the cardiac part meander and longi¬ 
tudinal, while the blind sac (it might be more appropriate to call it fundus 
of stomach, viz.. Fundus ventriculi) is a net-work. Pyloric part is rather a 
long narrow tube, situated below the stomach, the cross section circular, wall 
thicker than the former, mucous membrane being indistinct longitudinal folds. 
Development of blood vessels conspicous on the stomach. Duodenum not ex¬ 
ceptionally wide as may be seen in some species of fish, it is rather narrow. 
Boundary between duodenum and middle intestine is not clear. Middle intes¬ 
tine being a narrow tube, winding in a characteristic way. The total length 
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o 



Fig. 179. Gadus macrocephalus. Left ventral side. 

of the intestine is a trifle shorter than the body length and 2.6 times as long as 
o-^-^a; wall rather thick, mucous membrane being indistinct longitudinal folds. 
Mesentery poorly developed. Anus situated just in front of the anal fin. 
Pyloric appendages rather short and fine, located below the stomach to the 
left in clusters, 380 in average number (Matsuno (1924) reported as 550). 

Liver large, embracing the oesophagus from below, consists distinctly of 3 
lobes, the right, middle, and left, of which the right is the longest; Lobus 
quadratus also present, rather thick, hepatic arteiy broad. Gall-bladder ellip¬ 
soid ; Ductus choledochus moderately long, opens at the beginning of the 
duodenum. Pancreas scattered chiefly between the clusters of the pyloric 
appendages. Islets of Langerhans large, located at the end of the gall-bladder. 
Spleen rather long, narrow and thin. Air-bladder a big sac with thick wall. 
Regarding the digestive system of genus Gadus^ as stated above, Matuno 





Fig. 181. Stomach contents of Gadus macrocvphalus, A. Flat-fishes and crabs in the sto- 
machi B. Certain fish. C. Skull of Theragra chalcogramma, D. Certain crab. E. 
Hyas coarctatus. F. Anonyx, G. Eupagurus. H., I., J., K. Polychaeta. L. Yoldia. 
M. Andesite grains. 
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made a report on the teeth, pyloric appendage, etc, of Gadus macrocephalus^ 
while I studied the whole digestive system of this fish. Besides these studies, 
Haller (1904) wrote a report on the teeth of G. morrhua ; Rathke (1824) and 
Jacobshagen (1911) on the digestive tract of G. callarias; Home (1814) on the 
digestive tract of G. aeglefinus; Rudolphi (1802) and Meckel (1829) on the 
digestive tract of G, morrhtm. 

B. Feeding Habits. 

From my examination of the stomach contents of fishes caught in Bristol 
Bay on June 20, 1933 and those collected on February 1, 1938 at the fish- 
market of Sameminato, Aomori Prefecture, as shown in the Table 40, I found 
that they consisted of fishes, such as halibuts, herrings and cods, of mollusca 
like the octopus, of shell-fishes like Yoldia, of Crustacea such as Hyas, Pinnixa^ 
Eupagurus and Crago and Polychaeta, as also stones which were often found 
among them. The stomachs were all stuffed with food and not one of them 
empty. 

In going over the papers hitherto written, there were reports in this 
connection by Marukawa (1919) to the effect that the Suketodara {TIutragm 
chalcogramma), halibuts, trouts and other fishes, as also many crabs and 
shrimps, were among the stomach contents of the cod caught in the nothern 
waters of the Pacific; by Trachmann (1889) who was astonished to find 11 
Gadus merlangus of from 4 to 5 inches in body length in the stomach of one 
Gadzis aeglefinus which itself was only about 17 inches long; by Sharp (1901) 
who reported that English cods had their stomach filled with bottom food, 
such as crabs and shell-fishes; by Paulsen (1918) who stated that Gadus callarias 
fed on bottom creatures and cods; by Franz (1919) who examined 7 species 
of the cod and came to the conclusion that their main food consisted of fish¬ 
es of their own family, and herrings and bottom animals; by Hickling (1928) 
who examined 955 Merluccius vulgaris and reported that 434 Gadus poutasson 
had been eaten among them; Zenkevich (1931) who examined the stomach 
contents of the cod in the Barents Sea all the year round and made an im¬ 
portant report. He said that although its chief food consisted principally of 
fishes, it supplemented its food, where it was insufficient, with planktonic 
Crustacea. Meschkat (1936) who made a detailed examination of the stomach 
contents of 1245 cods caught near Vestmanna, expressed the opinion that 
although fishes (herrings, etc.) and Crustacea were their principal food, they 
were voracious omnivora. 

Thus, it will be seen from the reports of many scholars and the studies 
which I have made that this fish, the cod, may be classified with the carni¬ 
vorous and voracious fish, and that it goes not only in hot pursuit of bottom 
animals but it delights in devouring the fishes of its own family and herring. 

Regarding the food of the young of this fish, Miyahuzi (1914) made a 
study with material caught in Chosen waters. According to him, they (over 
3 cm) feed chiefly on copepods and diatoms. 

145. Theragra chalcogramma (Pallas): Suketodara. 

A. Digestive System. 
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Other than that the present fish is smaller than the above mentioned 
species of the entire Gadidae family, they bear the closest resemblance to one 
another. However, insofar as the digestive system is concerned, there are 
not a few points in which they differ, and it is about their differences that I 
wish to take up hero. 



Fig. 183. Theragra chalcogramma. 

In the first place, the barbels are Dorsal side. 

much shorter and the cleft of mouth 

smaller than that of the foregoing species. In the previous case, the upper 
jaw was longer than the lower but in this case, it is vice-versa. The shape 
of the tongue is very much alike too, only that of the former was larger; 
the location of the teeth is very much the same in both instances, except the 
teeth of the previous species were larger. The gill-rakers are also longer and 
grow more thickly, 38 in average number, while the previous species had an average 
of 21. The stomach of the present species is much smaller and the distribution 
of blood vessels on the surface much less, the intestine being almost the same. 
The pyloric appendages are longer and thicker, 91 in average which is about 
1/4 of the previous species. Contrary to the liver of the foregoing species 
being thick and large, the present one is neither large nor thick but rather diin 
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(the former weighing ca. 1/20 and the latter ca, 1/36 of the body weight). 

B. Feeding Habits. 

It is very interesting to compare the feeding habits of this fish with those 
of the previous one. The present species, as may be seen from the table, 
feeds chiefly on planktonic Crustacea, and it is worth noting that it is not of 
the voracious species. It is also interesting to note that from observation of 
their stomach contents, it can be seen that the previous species lives principally 
near the bottom of the sea while the present one has its habitat nearer to the 
surface. At the same time, it will be seen that the difference in the digestive 
organs, to begin with the barbels, reflects directly on their feeding habits. 

Table 40 

Stomach contents of Gadus niacrocephalus and Theragra chalcogramma 
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146. Eleginus navaga (Kolreuter): Komai. 

A. Digestive System. 

Mouth large; barbel very short; upper jaw longer than the lower. Jaw 
teeth small and conical, 2 to 3 rows in upper jaw and 1 row in the lower. 
Mouth cavity rather large; folds of palatal mucous membrane concentric semi- 
elliptic. Tongue moderately large, thick, free, no teeth and melanin chro- 
matophores on the surface. Pharyngeal teeth similar to those of cod. Gill- 
rakers rather long (a little shorter than corresponding gill-filaments), slender, 
tips pointed, rather closely set, 16 to 17 in number. 

p.a 



Peritoneal cavity rather large; peritoneum silvery. Oesophagus rather 
long, mucous membrane consists of 25 longitudinal folds. Stomach moderate¬ 
ly large, V-shape, wall thick, mucous membrane assumes 10 longitudinal folds. 
It is worthy of note that the blind sac is rudimentary. Intestine rather short 
(the length being ca. 2/3 of body length and thrice d^a), wall moderately 
thick, winds N-form ; intestine divided by a valve into the middle intestine 
and the rectum. Folds of the mucous membrane of intestine similar to those 
of Gadus macrocephalus. Pyloric appendages broad and long as shown in 
the figure, 63 to 67 in number. 

Liver rather large, 2 lobes, left lobe larger than the right, hanging over 
the oesophagus and the anterior part of stomach; gall-bladder small, located 
near the pyloric part of stomach. 

Cuvier and Valenciennes report in their book that the intestine of E, 
macrovinus W'inds twice. 

B. Feeding Habits. 

According to the report of Takayasu and others (1930), the fishes which 
were obtained from Tohutuko, Hokkaido in summer had taken Mysis in their 
stomach. 

147. Lotella phycis (Temminck et Schlegel): Isoainame. 

A. Digestive System. 

Body elongate, slightly compressed. Mouth large (m-c being ca. 2/5, in-b 
ca. 1/2 of head length); jaws equal; chin with a barbel. Teeth in narrow 
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bands in jaws, outer series enlarged. Vomerine and palatine teeth none. 
Tongue very large, semi-elliptic, thin, free, without teeth and melanin chro- 
matophores. Pharyngeal teeth similar to those of cod. Gill-rakers very short, 
tips pointed, coarse, 10 in number of average. 

Peritoneal cavity large, oval; a few 
melanin chromatophores on peritoneum. 
Oesophagus short with thick wall. Stomach 
i-shape, moderately large, wall thick. Folds 
of the mucous membranes of cardiac part 
and pyloric part longitudinal, while those of 
blind sac crossed. Intestine* rather long 
(the length being ca 1 times d—a), winds 
twice, drawing the letter N, wall rather 
thick, mucous membrane consists of branched 
folds (PI. XII, Fig. 32). Pyloric appendages 
long and broad, 12 in number. 

Liver 3 lobes, the left and the right 
lobes very long stretched; gall-bladder, a 
long sac, located behind the right lobe; bile 
and cystic ducts short. Air-bladder rather 
large, wall thick. 

B. Feeding Habits. 

When I examined the stomach contents 
of 10 fishes (II to 15.2cm in body length) 
caught off the coast of Yokosuka on Mav 
d, '1936, I found that they had eaten bottom¬ 
living animals, especially the bottom-fishes, 
but according to the inxestigation made by Mizuno (1937) who examined those 
(4 of them: 14.5, 15.0, 13.9, 16.6cm in body length) caught off the coast of 
Hayama, Kanagawa Pref., on the night of April 10, 1937, it was found that 
they had specialized in young Ayu. It would therefore seem that these bottom- 
fishes come up to the surface at night and attack the fishes that are near the 
surface. 



Family Lophiidae 

148. Lophius litulon (Jordan): Kianko. 

A. Digestive System. 

Body contracted; head wide, depressed, very large. Mouth exceedingly 
large (m-b being ca. 2/3 of head length), directs upwards owing to the lower 
jaw being much longer than the upper. 4 long separate spines on the dorsal 
side of the body and long filaments thickly set the mouth and other places. 
Majority of jaw teeth are hinged teeth, large and pointed, facing toward the 
throat; upper jaw teeth being irregular in height and arrangement and the 
lower arranged in 2 rows. Mouth cavity depressed but very large; palatal 
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mucous membrane white. Smaller teeth than the jaw ones adorn the vomer, 
palatines and pharyngeal bones. Tongue large, crescent, smooth, free, melanin 
chromatophores rather thickly distributed, rather hard, and moderately thick. 
No gill-rakers whatever. 




Fig. 187. Lophius lituUm. A. Digestive tract. Ventral side. B. Gall-bladder. 

Peritoneal cavity rather large, depressed ; no melanin chromatophores on 
the peritoneum. Oesophagus wide, wall thick, folds of the mucous membrane 
longitudinal. Stomach very large, i-shape; blind sac especially large; pyloric 
part especially small. Wall of stomach thick; mucous membrane consisting 
of fine serpentine and numerous longitudinal folds. Contrary to the big 
stomach, the intestine is extremely narrow and rather long (the length being 
ca. 1.5 times d—^a), wall rather thin, making several short turns; mucous 
membrane with longitudinal folds, somewhat similar to network, divided dis¬ 
tinctly into the middle intestine and rectum by a valve. Mesentery well develop¬ 
ed. appendages 2 in number, one big and long, the other small and short. 

Liver rather large, weighing 1/24 of the body length and consisting of 2 
imperfect lobes, the left being larger. Gall-bladder large, spherical; cystic 
duct long. Pancreas branches out on the mesentery, and there are several 
large and small islets of Langerhans on it too. 
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As regards the digestive system of Lophiidae, aside from the work of 
Cuvier (1810) who examined the digestive system of Lophius piscatorius^ 
Meckel (1829), Eggeling (1908), Jacobshagen (1911) and many others made a 
study of it. The stomach is big, the pyloric part is especially small, the 
intestine winds several times, and it has 2 pyloric appendages, etc., all of 
which are similar to the characteristics of L. litulon. Walther (1915) studied 
the digestive organs of L. piscatorius^ 14 mm to 50 mm in body length, and 
completed a very interesting study on its morphological and histological change. 
It must be borne in mind that the islets of Langerhans of fishes were first 
discovered in Lophius by Diamare (1899). 

B. Feeding Habits. 

Regarding the feeding habits of this fish, Wilson (1937) recently wrote 
an excellent report on this subject, synthesizing the many reports hitherto 
written thereon, together with his own work. In introducing his work, I shall 
also endeavour to introduce the work of other people whom he did not men¬ 
tion. 

Since the work of Aristotle, many reports have been written up to the 
end of 19th century, but hardly any of them give accurate information. How¬ 
ever, a number of those written after the 19th century have substantial in¬ 
formation in them. Guitel (1891) states that from his observation of an angler 
fish 60 cm long in an experimental tank at Arago for 2 months, he did not 
see it once moving the lures on its head to entice the fishes which were to 
become its food nearer to its reach. But Bigelow and Welsh (1921) writing 
on the observation conducted by Clark state that the angler fish has been 
seen to hide itself among sea-weeds and, moving its lures, catch and eat the 
fishes which approach the lures. The most recent important report is the one 
made by Chadwick (1929). He made a very accurate observation of the 
angler fish cultured in an aquarium in Port Erin. He writes that he often 
saw it moving its lures and, enticing Gadus virens nearer to itself, swallow¬ 
ing them whole from the head. Although a popular sort of article, Weller 
(1934) states that he saw angler-fishes enticing the flat-fishes nearer to them 
with their lures and eating them, Wilson himself observed 10 angler-fishes 
cultured in an aquarium in Plymouth for 2 years (1935-1936) and saw them 
using their lures to attract fishes which were to be their food. He reports 
fully on how fishes are attracted by the lures of the angler fish and how the 
angler-fish catches the fish which approaches its mouth. He also states that 
it is not so voracious in its feeding habits as it looks (having an extremly 
large mouth, it was hitherto thought very greedy and ravenous). 

As for the natural food of the angler-fish, Fulton (1903) examined 541 
stomachs of fish caught in Aberdeen Bay and off the coast of Shetlands and 
found half the number with empty stomachs (perhaps, it was due to the length 
of time which elapsed after they were caught), while the remaining half were 
found to have eaten cuttle-fishes and Crustacea besides other fishes. 70^ of 
the food eaten constituted fishes, cods, sand-lances, herrings, etc., while the 
balance of 309^ constituted flat-fishes. I have already written about the 
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curious feeding habits 
of Cehatias and shall 
not therefore remark 
on them here again. 

The above studi¬ 
es all have to do with 
the foreign angler-fish. 
There are very few 
literature on Japanese 
angler-fishes. Tanaka 
(1916) states that he 
does not think that 
the lures of the angler¬ 
fish serve the pur¬ 
pose of attracting fish¬ 
es. In February 1936 
there was an article 
in the Tokyo Niti- 
niti Sinbun to the 
effect that Mr. T. 
Oka/aki, a fishmonger 
in Higasi-Rvogoku, 
Hon/>o-ku, Tok\o, 
found a whole sea¬ 
bird on cutting open 
the stomach of a 
big angler-fish from 
Kamaisi. 

FamiK Aniin- 

NAKIIDAL 

119. Pterophryne 

histrio (Linne) 

Hanaoko/e. 

A. Digestive S>stem. 

Body not elon¬ 
gate, more or less 
compressed, soft, no 
scales, covered with 
a smooth granular 
skin. Head small, and 
mouth comparatively 
large; cleft of the 
mouth directing up- 


\ 




Lateral and ventral view of digestive tract 
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wards, almost vertically; lips rather thick; the upper and lower jaw teeth both 
molar in form, each constitutes a set of half-moon tooth-bands. Mouth cavity 
large; small pointed teeth on the vomer and palatines. Tongue a rather 
large hemisphere, not entirely free, the surface being covered with a rather 
thick piece of mucous membrane with finger-print-like folds. A set each of 
front and back phar^mgeal teeth on the upper pharyngeal bone and a set of 
bands on the lower, the teeth being small and sharp. No gill-rakers. 

Peritoneal cavity rather large; peritoneum lacking in melanin chromato- 
phores. Oesophagus short, wide, wall thick, mucous membrane 16 longitudinal 
folds. Stomach large, U-shape, about 45“ aslant to the central axis of the 
body, wall thick, mucous membrane longitudinal serpentine folds with deep 
grooves, separated from the oesophagus by a valve. Duodenum thick, the 
pyloric part of the stomach being thinner. For instance, if the latter may 
be taken for the faucet, the former is the rubber tube which is fitted to the 
faucet. Intestine rather long (about thrice d--a), bends several times, wall 
thick, mucous membrane 13 to 14 zigzag longitudinal folds. Middle intestine 
separated from the rectum by a valve. Mesentery well developed. No pyloric 
appendage. 


Liver rather large, thick, 
2 lobes ; gall-bladder large and 
spherical, located on the upper 
right of the cardiac part of 
the stomach; bile duct long, 
opening to the duodenum. 
Air-bladder large. 

B. Feeding Habits. 

Under normal conditions, 
this fish has its habitat among 
floating weeds and attacks 
fishes which gather there (this 
fish has a protecting colour). 
Although a very greedy sort 
(see the picture demonstrating 
the young of this fish about 1.5 cm long devouring a fish about its own size), 
it does not go in pursuit of its foods but waits for it, which means, as may 
be seen from the table, that it cannot always eat when it wants to eat. 



Fig. 189. Pterophryne histrio swallowing the fish 
larger than itself. 


Table 41 


Stomach contents of Pterophryne histrio 


\ 

Date ! 

1 

Locality 

1 Number 

! « 

Av, body 
length 
(cm) 

Stomach contents 

< 

Milo, Sizuoka 
_Pref._ 


14.5 

Various young fishes (Serto/o, etc.)..8/15, 
none....7/15 

June 

1937 1 

Aburatubo, 
Misaki i 

i 17 

1.8 

Various young fishes.... 10/i7, 
none....7/17 



A STUDY ON THE DIGESTIVE SYSTEM AND FEEDING HABITS OF FISH 245 


150, Aniennarius tridens (Temminck et Schlegel): Izariuwo. 

A. Digestive System. 

The body is almost the same as the foregoing species, the difference be¬ 
ing the colour, the roughness of the body, and the fact that it has an antenna 
right above the mouth. Teeth-bands, tongue, pharyngeal teeth, are almost 
the same; gill-rakers also absent. The form of the alimentary canal is also 
almost the same, only the valve between the oesophagus and the stomach is 
not quite so distinct as the foregoing species. The duodenum is also thick, 
there being no material difference in the winding of the intestine. The liver 
is slightly larger but the air-bladder is trifly smaller. Cuvier and Valenciennes 



gives a description of the digestive organs of Aniennarius marnurratus in their 
well known “ Histoire naturelle de poissons”, Vol. 12, p. 103, but there is 
not a great deal of difference between their description and that of the 
present species. 

B. Feeding Habits. 

Contrary to the above species, this fish lives principally at the muddy 
bottom of shallow seas. In the summer of 1932, I put 5 of this fish caught 
near the Misaki Marine Biological Station with a dredge-net in an aquarium 
and watched them. They usually stayed at the bottom of the aquarium and 
when a small fish or a fish half-dead came within reaching distance of their 
mouth, they pounced upon it with a rather quick movement. 
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Discussion 

I have now completed the description of the digestive system and feed¬ 
ing habits of 150 species of teleosts (mostly adults). Up to the present time 
many scholars have endeavoured to explain the relationship between the form 
and construction of their digestive organs and their feeding habits, and get 
fine results, yet there remains much to be solved, because they examined 
mostly each organ separately, for instance, the teeth, the gill-rakers, the stom¬ 
ach, or the intestine, taking not much into consideration the relationship of 
each organ or organs as a whole. It is quite necessary in order to know the 
true nature of the feeding habits of the fish that we should study the diges¬ 
tive organs not separately but also as a whole, always taking the constituents 
of the intestinal contents and the habitat of the fish in mind. During the 
present study, my attention has been paid to those points above mentioned. 

I do not by any means think that my work is complete, yet I believe 
that the method which I have followed has made it possible to explain some¬ 
thing which hitherto could not be explained, thus, making it possible to obtain 
a clearer understanding of the feeding habits. 

Digestive system 
1. Form of Body. 

The form of any fish has a very close connection with its movements, 
the moving power restricting its ability to catch food. 

For example, fishes like Scomber japonicus, Katsuwonus vaganSf Thunnidae, 
Makaira mitsukurii, Xiphias gladiuSy Seriola quinqueradiata, etc., whose form 
of body presents a perfect spindle, hre the most skilful swimmers and can 
swim to the farthest places very quickly. They, therefore, go in pursuit of 
sardines and anchovies which are found in almost all parts of the sea in 
schools and migrate from place to place. And when they once come upon 
them, they try to eat as much as they can, taking advantage of their swift 
swimming power to swallow their food whole. That is to say, they make 
use of their swimming power to take as much food as they possibly can 
within a very short time. For this reason, their teeth have degenerated and 
instead they have a i-shape stomach with a large blind sac that can stand 
distension. 

EtrumeiLS micropus^ Decapterus muroadsi, Sillago sihama^ and many other 
of its kind, also have spindle-form bodies but not as perfect as those given 
above; Tetraodontidae, Sparidae, Ijeiognathus nuchalisy Zeus japonicus and 
many others, have the oval or compressed oval form; Cololabis saira^ Hemir- 
hamphus sajori, Blenniidae, Trichiurus haumela and others or its kind have 
very elongated bodies. The less of spindle-form they are the lower in their 
swimming power, and, as a result, it so becomes that they have to look for 
food where so much energy and work are not required, for instance, they 
living along the coast or near the bottom. But in these instances, insofar as 
their life is concerned, the form of body limits only their living place and has 
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very little to do with their feeding habits. However, when the form of body 
is no longer advantageous from the swimming point of view, their ability of 
getting food also becomes limited. For instances, fishes with depressed bodies, 
owing to their poor swimming ability, live near the bottom and feed on bottom 
food. Platycephalidae is a good example of this. Parasilurus asotus and 
Triglidae have rather similar body forms and, as a result, feed on bottom 
animals. Lophiidae, whose body is depressed in the extreme, rests quietly at 
the sea-bottom and moves the lures around its mouth to attract the fishes 
that are to be its food. 

Of the fishes having compressed bodies, those with extremely compressed 
ones have poor swimming capacity and they are therefore cannot get crea¬ 
tures that are quick in action for their food. And so it is natural that Mola 
mola and Stromateoides argentevs take jelly-fish for their daily food, and also 
that Pleuronectidae lies on its side at the sea-bottom and feeds on shell-fishes 
in the sand and crabs which do not, more or less, move about so much. 
Anguillidae, Congridae, Muraenesocidae and Muraenidae with snake-like bodies 
are also slow in their movements, and they hide in caves and behind rocks 
and wait for their food. The very grotesque looking Antennarius tridens 
creeps along the bottom and takes mainly the dead animals. Pterophryne 
histrio, whose form is similar to Antennarius tridens, has a body similar to 
the colour of sea-weeds and is usually found among them, eating the small 
fishes and crustaceans that gather around the place. Further, those that are 
entirely unfit for swimming, as Hippocampus coronatus, entwine their tails 
around the branches of sea-weeds and use their tubular snouts as pipettes to 
take the minute food in the water. Echeneidae, whose dorsal fins have been 
transformed into suckers, attach themselves to the body of sharks and sword¬ 
fishes and, as everyone knows, lake the food that has been left over by them. 
It is rather interesting to note that the bodies of these fishes having peculiar 
habit take the form of a spindle and, for a certain short length of time, they 
can swim with quite a speed, so that even when they become detached from 
the bodies of their hosts which have a forcible swimming power, they may 
go back to them again. 

2. Mouth and Jaw. 

The mouth and jaw have a very close connection with feeding habits. 
The size of mouth limits the food and the form of jaws controls the feeding 
habits to a certain extent, 
a. Large mouth. 

Engraulidae, Saurida undosquamis, Dasiscopelus spinosus, Siluridae, 
Muraenesox dnerms, Gymnothorax kidako, Athlennes anastomella, Zeus japo* 
nicus, Trichiurus haumela, Mahaira mitsukurii, Xiphias gladius, Apogonidae, 
Pseudoblennius, Chasmichthys, Otophidium asiro, Lophiidae, and Antennariidae 
all have a mouth* cleft and a mouth breadth of over 1/3 of head length, 
and the following come next: Plecoglossidae, Thunnidae, Coryphaenidae, and 
Pleuronectidae, etc. Among those listed above Siluridae, Pseudoblennius, Chas- 
michthys, Lophiidae, and Antennariidae have specially large mouth breadth. 
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It is interesting to note that as these fishes with large mouths are able 
to take large-size food, they are generally confirmed carnivores. It must 
also be mentioned that Engraulidae has a very large mouth, perhaps due to 
the necessity of its having to take in a large quantity of water with the 
plankton, and the Apogonidae that incubates their own eggs in its mouth. 
There are also many deep-sea fishes with large mouths, although I did not 
actually make the investigation myself, such as Eurypharynxy Saccopharynx, 
and many others. 

b. Small mouth. 

Fistularia petimba^ Syngnathus schlegeli^ Hippocampus coronatuSy Moru> 
centris japonicus, Stromateoides argenteuSy Sillaginidae, Chaetodon modestusy 
Siganus fuscescensy and Plectognathi, have a mouth cleft or a mouth breadth 
of under 1/9 of head length, particularly those that belong to Plectognathi 
have small mouths. As these fishes with small mouths can only take small 
size food, it is impossible for them to be fierce carnivorous fishes. Not being 
carnivorous in their feeding habits, it is necessary for them to be in constant 
pursuit of food, regardless of what it may be, in order to get enough food. 
Plectognathi is a good example. It is however able to tackle rather large 
size food by tearing it to pieces little by little with its developed incisor-like 
teeth. 

c. Direction of rpouth. 

Generally the mouth cleft turns upwards slightly in an oblique manner. 
However, there are some mouth clefts which turn upwards almost vertically. 
Harengula zunasiy Brama raii, Arctoscopus japonicusy Inimicus japonicus, 
Echeneidae, Uranoscopidae, Lophiidae and Antennariidae, are good examples. 
It is also worthy of note that the majority of fishes that rest quietly at the 
sea-bottom and wait for what food that* comes from above belong to this group. 

On the contrary, Dorosomatidae, Cobitidae and Triglidae, belong to the 
group where the mouth is located right under the anterior part of the body 
or in a definitely more inferior position. They are bottom feeders. Triglidae, 
for instance, lies at the bottom of the sea and feeds merely on bottom food. 

d. Form of jaw. 

The majority of fish have jaws of the ordinary length, the lower jaw be¬ 
ing, in most cases, slightly longer than the upper. Some, however, have long 
both upper and lower jaws, while some others have an extremely long upper 
jaw compared to the lower or vice versa, as are shown in the following table. 

Table 42 


Upper and lower jaws extremely long 
Upper jaw only extremely long 
Lower jaw only extremely long 
Cylindrical snout 


Nemichthys, Belonidae. 

Makaira mitsukunU Xiphias (Radius. 
Hemirhamphidae. 

Fistulariidae, Syngnathidae. 


The stretched jaws of Nemichthys and Hemirhamphidae seem to work 
rather to a disadvantage from the feeding point of view, but in the Belonidae, 
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they make use of their long jaws and the sharp teeth closely set within to 
take firm hold of its prey. Mahaira mitsukurii and Xiphias Radius use their 
long, sharp upper jaw to kill large size animals, while Fistulariidae and Syn- 
gnathidae use their cylindrical snouts as pipettes to take in minute creatures 
into their mouths. 

I have not as yet been able to make a study of what connection the 
long curved snout of Gnathonemus has with its feeding habits and the spatular 
jaw of Polyodon. 

e. Protrusile mouth. 

I have already described that the maxillary bone of Leiognathus nuchalis 
can be moved back and forth, and by this action, the protruded upper jaw 
may be used to advantage to take the food in the mud at the sea bottom. 
It is interesting to note that Sciaenidae, Sillaginidae, and others that hunt 
for food at the bottom have more or less similar mouths. 

f. Bilateral ^symmetry of mouth cleft 

The reason for the mouth cleft on the side without eyes of those fish 
belonging to the* sub-family FMeuronectinae and family Cynoglossidae being 
larger than the side with eyes with the fact at the same time that the teeth 
on the side without eyes are also more developed is, I believe, due to their 
taking food with the side without eyes facing to the bottom. This is one of 
interesting examples of feeding adaptation. 

3. Lip. 

Generally, the lips of fishes are poorly developed, but there are some 
with thick fleshy lips. 

fHecoglossus altwelis has thick lips, the tip portion of upper lip hanging 
vertically down and the lower turning vertically up, which, in my opinion, are 
used to advantage in licking off the blue-green and diatoms on rocks in the 
river, Triacanthidae, Balistidae, Monacanlhidae, Ostraciidae, and Tetraodonti- 
dae also have thick fleshy lips. Hiyama (1931) says that there exist the 
mucous glands on the lips of those belonging to Monacanlhidae, and it is not 
difficult to imagine that the lips of these fishes play an important part in 
collecting their food w'hen they are tearing it off from rocks with their incisor¬ 
like teeth. It is also to be mentioned that those that search for food at 
muddy bottom generally have thick lips. Cobitidae, Goniistius zonatus are 
good examples. 

4. Barbel. 

There are a number of species that have barbels around their mouths; 
Parasilurus asotus, Plotosus anguillans, Carassius auratus, Cyprinus carpio, 
Misgurnus anguillicaudattus, Cobitis biwae^ Upeneus bensasi, Podothecus acipen- 
serinuSy Otophidium astro, Gadus macrocephalus, Theragra chalcogramma, 
Elegintts navaga and Lotella pkycis all come under this group and they are 
generally those that feed on bottom food. 

According to Sato's (1936) study on the barbels of teleosts, there is an 
abundant distribution of cutaneous taste buds on the epidermis and they in 
turn have a good distribution of nerves, and they serve to taste food. I 
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believe that it goes without saying that they play an important role when 
taking food. 

5. Dentition (PI. I). 

a. No teeth. 

Generally all fishes have some teeth, large or small in the jaws, on the 
pharyngeal bones, the vomer, the palatines, or the tongue, but a few of them 
have no teeth whatsoever. Of those which I have examined, Syngnathidae is 
a typical one without any teeth. Those belonging to the families Dorosomati- 
dae, Dussmieriidae, Clupeidae, Engraulidae, Trachypteridae, have only rudiment¬ 
ary teeth. Naturally these fishes take minute food, such as the plankton, and 
cannot take anything wild and fierce, and what is interesting is that Thunnidae, 
Istiophoridae, Xipbiidae and Seriola all with a great swimming power and 
having the habit to take in a large quantity of food within a short time, 
have very poorly developed teeth, that is, those that do not require the teeth 
for mastication. 

b. Developed jaw teeth (including those on vomer and palatines). 

a) Teeth for seizing fishes quick in action. — Sharp canine teeth or 
tricuspid or hooked teeth. 

Muraenesox cinereus (tricuspid teeth on mandible and vomer); Gymno- 
thorax kidako (well developed teeth on jaws and vomer); Athlennes anasiomella 
(large conical teeth in its long jaws); Sphyraena pinguis (in its jaws, on vomer 
and palatines); Sawara niphonia (in its jaws only); Trichiurus haumela (jaw 
teeth only, sharp and hooked, like fishing-hooks); Scombrops hoops (in jaws 
only); Lophiidae. 

/?) Teeth for biting off food from rocks or tearing large size food slow 
in its movements. — Incisor-like teeth dOr canine teeth. 

Oplegnathidae (jaw teeth polyphyodont); Labridae (canine-like jaw teeth); 
Leptoscarus japonicus (jaw teeth arranged in series of oblique rows); Tria- 
canthidae, Balistidae, Monacanthidae, Tetraodontidae, Mollidae (incisor-like 
teeth); Ostraciidae (canine-like jaw teeth). 

t) Teeth for grinding shell-fishes and other hard food. — Molar teeth. 

Pagrosomus major, Taius tumifrons, Sparus swinhonis (in the jaws only; 
mostly molar teeth, with large canine- or incisor-like teeth). 

d) Teeth for licking diatoms and blue algae off stones and rocks in rivers. 
— Comb-like teeth. 

Plecoglossus altivelis. 

Those having no large teeth as those described above have small or 
minute teeth, arranged in rows (Saurida undosquamis, etc.) or in bands 
(Lateolabrax japonicus, etc.), with which to seize their food. In the majority 
of these cases, it is worthy of note that the teeth grow more or less inward, 
facing the throat, so as to prevent the food from falling out when once it 
has been taken. (For example: Echeneidae, Lophiidae, etc.). The fact that 
there are larger and more teeth on the side without eyes than with eyes, as 
in the case of Pleuronectidae, is also an interesting adaptation to their feed- 
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ing habits. 

Sex-dismorphism may be in some Salmonidae, that is, the form of jaw 
teeth of the matured male and female differs from one another. The cylin¬ 
drical jaw teeth of Plotosus anguillaris are worth mentioning. 

c. Attachment of teeth. 

In my present work, I do not attach so much importance to this subject, 
but I shall relate somewhat regarding the matter. 

The teeth of many fishes are anchylosed, but there are some which are 
hinged. 

a) Anchylosed teeth. 

Most fishes have anchylosed teeth. The sharp teeth of Trichiunis haumela 
are good examples of this. 

b) Hinged teeth. 

Most of the jaw teeth of Anguilla japonica, Epinephelus Hcptemfasciaius, 
Gadidae, Lophiidae, and the row of teeth on the vomer of Gymnothorax 
kidako are hinged teeth, and when they open their mouths, they stand up 
vertically to hold the food and when they shut their mouths, they bend in¬ 
ward toward the throat and help usher the food inside. 

d. Developed pharyngeal teeth (PI. II). 

Parasilurus nsotus (upper phary ngeal teeth developed); Plotosus anguil¬ 
laris (cylindrical teeth); Cyprinidae (pharyngeal teeth specially well developed; 
important taxonomically); Cypsilurus agoo (tricuspid teeth) ; Hapalogenys 
mucronatus and Ditrema temmincki (lower pharyngeal teeth developed) ; 
Labridae (molar-like teeth); Leptoscarus japonicus (upper and lower both well 
developed, tessellated); Mala mola, Blennidae, etc. (upper pharyngeal teeth 
developed, long and sharp). 


As already stated, jaw teeth serve to seize and hold food but pharyngeal 
teeth serve to grind food, and even in cases where there are not as developed 
pharyngeal teeth as those mentioned above, there are small or minute teeth 
closely set for grinding food. Very few of them are entirely without pharyn¬ 
geal teeth. It is to be noted however that there are more instances where 
they are without the pharyngeal teeth than the jaw teeth. For example, 
Cyprinidae is about the only species with developed pharyngeal teeth but 
without any jaw teeth, while there are many with developed jaw teeth but 
no pharyngeal teeth, such as the majority of Apodes, Monacanthidae, Ostra- 
ciidae, Tetraodontidae, and a few others, 

e. Relationship between jaw teeth and pharyngeal teeth. 

Regarding the connection between the jaw teeth and the pharyngeal teeth, 
Ridewood (1896) states that the development of the pharyngeal teeth and the 
jaw teeth is inversely proportional to one another. This is about correct, 
however, as already stated, there are fishes without any jaw or pharyngeal 
teeth or with only rudimentary teeth, varying according to their food and 
feeding habits. Labridae and Leptoscarus japonicus both have developed jaw 
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and pharyngeal teeth. 

6. Tongue (PI. III). 

Of the tongues of various animals, the tongue of the fish is the most 
primitive of its kind, incapable of elasticity. It is merely an elevated area, 
consisting of glossohyal and the mucous membrane wrapping it. 

a. Degenerated tongue. 

The vast majority of fishes all possess a tongue large or small, but a few 
of them have no or degenerated tongue. Dasiscopelus spinostiSy Syngnathidae, 
Trachypteridae (rudimentary). 

b. Form of tongue. 

The tongue (the surface) may be classified into 4 kinds of form, the 
triangular, the trianguloid, the semi-elliptic (including the semi-circular), and 
the rectangular, and in a few instances, there are special form. 

a) Triangular. 

Clupanodon pufictatus, Coilia mystus, Hypomesus olidus, Saurida undos- 
qiuimis, Aplocheilus latipes, Cyprinidae, Cobitidae, Muraenesox dnereus, Gymno- 
thorax kidako, Tjeus japonicus, Beryx splendens. Scomber japonicus, Trichiurus 
haumela, Carangidae, Acanthocepola krusenstemi, Branchiostegus japonicus, 
Lateolabrax japonicus, Sillago sihama, Sparidae. Hapalogenys mucronatus, 
Therapon oxyrhynchus, Ditrema temmincki^ Chaetodon modestus, Hexagrammi- 
dae, Cottidae, Ammodytes personatus, Blenniidae, Otophidium asirOy Para- 
lickthys olivaceus, Pleuronectidae. 

/5) Trianguloid. 

Etrumeus micropus, Clupext pallasiiy Harengula zunasi, Lngraulis japonicuSy 
Plecoglossus altivelis, Arctoscopus japonicus, Apogonidae, Sillago japonica. 

T) Semi-elliptic. 

Salmonidae, Siluridae, Anguillidae, Atherinidae, Monocentris japonicus, 
Thunnidae, Sawara niphoniay Makaira mitsukurii, Xiphias gladiusy Coryphaena 
hippurusy Brama raii, Oplegnathidae, Upeneus bensasi, Bryttosus kawamebariy 
Epinephelus septemfasciatus, Girella punctatay Labridae, Leptoscarus japonicusy 
Plectognathi, Scorpaenidae, Podothecus acipenserinusy Echeneis brachypteray 
Uranoscopus japonicuSy Gadidae, Lophiidae. 

o) Rectangular. 

Sardinia melanostictOy Oncorhynchus ketOy Salangichthys microdon, Ex- 
ocoetidae, Cololabis sairoy Sphyraena pinguiSy Mugil cephalusy Kaisuwonus 
vaganSy Psenopsis anomalay Stromateoides argenteus, Leiognathus nuchalisy 
Scombrops boopSy Stereolepis ischinagiy Siganus fusce^cens, Gobiidae. 

s) Special forms. 

Those with long jaw.s, such as Nemichthys scolopaceusy Fisiularia petimbay 
Athlennes anastomella and Hemirhamphus sajoriy generally have a long tongue. 
However, Makaira mitsukurii and Xiphias gladius have long jaws and yet 
the tongue is of the ordinary length. The tongue of Plecoglossus altivelis is 
very small, trianguloid in form, on the sides of which are lips characteristic¬ 
ally formed. The tongue of Stromateoides argenteus is rimmed on both sides. 
The tongue of Spratelloides japonicusy Congridae takes the form of a racket, 
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while the tongue of Spams smnhonis is shaped in the form of a pyramid 
and Platycephalidae a square fan. 

c. Hardness. 

The tongue is generally pretty hard, but the tongues of Zeus japonicus, 
Monocentris japonicus, Plectognathi, Pleuronectidae and Antennariidae are 
rather soft. 

d. Movability. 

The tongues of most fishes are free anteriorly, and by Musculi hypo- 
branchiales, the anterior part being movable up and down, but some of them 
have the tongue which are not free. Cyprinidae, Athlennes anatomella, 
Makaira mitsukurii^ Xiphias gladius, Mugil cephalus, Upeneus bensasi, Girrella 
punctata^ Mola mola, Periopkthalmus cantonensis and Boleophihalmus pectini- 
rosiris have such tongues. 

e. Colour. 

In the most cases the tongue is white, but there are not a few instances 
in which the surface is distributed with some melanin chromatophores, the 
quantity varying quite a great deal individually. When there is a very abun¬ 
dant distribution of melanin chromatophores it is black, which does not occur 
very often. The tongue of Brama raiiy Periophthalmus cantonensis^ Rhino- 
plagusia japonica, are really black. The tongue of Sardinia melanosticta, 
Scombridae and Katsuwonidae (the last two being silvery as well as black), 
are also black but in no way comparable with the former group. Beryx 
splendens and Nibea mitsukurii have red or orange tongue. 

f. Tongue with teeth. 

There are quite a few that have villiform or rather large sharp teeth 
on the surface of the tongue. For instance, some species of Salmonidae, 
Osmeridae, Saurida undosquamis, Coryphaena hippurus, some species of 
Carangidae, Scombrops hoops and Echeneidae. Quite a number have rudi¬ 
mentary teeth, some species of Clupeidae being representative example. 


It is not yet clear what the tongue actually has to do in taking food, 
but taking the Musculi hypobranchiaJes and the teeth on its surface into con¬ 
sideration, 1 should say that when the food is being ushered towards the 
throat, it more or less holds the food or helps it along. Herrick (1904) and 
a few others said that some fishes had taste buds that were distributed with 
cranial nerves. So it is probable that tongues of such fishes are used for 
tasting food as in the cases of barbels. 

7. Gill-rakers (PI. IV). 

a. No gill-rakers. 

Anguillidae, Congridae, Muraenesocidae, Nemichthys scolopaceiis, Muraeni- 
dae, Fistulariidae, Syngnathidae, Belonidae, Sphyraenidae, Makaira mitsukurii^ 
Xiphias gladius, Ostraciidae, Uranoscopidae, Cynoglossidae, Lophiidae, Anten¬ 
nariidae. 

b. Rudimentary gill-rakers. 
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Gnathopogon caerulescens^ Sarcocheilichthys variegatus, Cobitidae, Triacan- 
thidae, Balistidae, Tetraodontidae, Mola mala, Hexagrammidae» Gobiidae, 
Blennidae, Pleuronectinae. 

€• Extremely long gill-rakers. 

Clupeidae, Cololabis saira, Atherinidae, Scombridae, Katsuwonidae. 

d. Transformed gill-rakers. 

ct) Bunches of setae have taken the place of gill-rakers. 

Saurida undosquamis, Zeus japonicus^ Sebastiscus marmoratus^ Inimicus 
japonicus, Pseudoblennius, Dinogunellus grigorjetoi. 

/9) Forked gill-rakers. 

Siganus fuscescensj Enedrias nebulosus. 

t) a bunch of setae between each forked gill-raker. 

Trichiurus haumela. 

e. Number. 

Clupanodon punctatus — over 500; Sardinia melanosticta — about 140; 
Mu^l cepfialus — about 140 ; Carassius auratus — about 100; Clupea pallasii 
— about 72; Cololabis smVa —about 50; Katsuwonus vagans — about 50; 
Scomber japonicus — about 40; Lotella phycis — about 10; Bryttosus kawa- 
mebari — about 7. There are also gill-rakers that exist only rudimentarily or 
none whatever, but I have already mentioned them. Thus, gill-rakers that 
are large in number are always long and closely set while those few in number 
are always short and coarsely arranged. This is true also vice versa. 

f. Thickness of gill-rakers and feeding habits. 

Hitherto it has been believed that the thickness of gill-rakers is to be 
seen in plankton feeders (including the bottom diatoms), that is, fish with gill- 
rakers closely set together are plankton feeders and those with coarsely 
arranged gill-rakers are not. Zander (1903, 1906) was an advocate of this 
observation. According to my investigation, it is true that those with thick 
gill-rakers are generally plankton feeders, but it cannot be said that those with 
coarse gill-rakers are not, since Fistulariidae, Syngnathidae and Boleophthalmus 
pectinirostris have totally degenerated gill-rakers, yet their chief food is the 
plankton or bottom diatoms. 

g. Soft gill-rakers. 

Generally the gill-rakers are stiff and flexible, but those of Plectognathi 
and Boleophthalmus pectinirostris are soft, especially so in the latter, and those 
of Mola mola are soft and fleshy. 

h. Processes. 

In most cases, there are more or less processes aldng each gill-raker. 
From Nakai’s (1938) study of the processes of Clupeidae and a few others, it 
would seem that they play an important role at the time when the gill-rakers 
sieve and collect the plankton. 

8. Peritoneal Cavity. 

a. Specially large ones. 

Aplocheilus latipes, Siluridae, Zeus japonicus^ Monocentris japonicus^ 
Girella punctata^ Ditrema temmincki^ Leptoscarus japonicus^ Siganus fuscescensy 
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Balistidae, Ostraciidae, Gadidae, Lophiidae, Antennariidae. 

It is interesting to note that the majority of these fishes not only have 
a very poor swimming capacity but also they either have a large stomach or 
a long intestine, and some of them always keep quite a bit of food stored in 
their digestive organs. It is also worth noting that the viviparous Ditrema 
temmincki is among this group. 

b. Specially small ones. 

The peritoneal cavity of Nemichthys scolopaceus is representatively small 
in comparison with its body. It has a very long body but the cavity is extreme¬ 
ly short and small, Trachypteridae and Acanthocepola krusenstemi are similar 
to the above example. The body of Gobiidae is of ordinary size but the 
peritoneal cavity is very small. 

c. Elongated ones. 

Syngnathus, Hemirhamphus sajoriy Cololabis saira, Apodes, Sawara nipho- 
niOj Ammodytidae, Blenniidae all have elongated bodies and their peritoneal 
cavities are likewise elongate. 

d. Compressed ones. 

Those with compressed bodies all have, almost without exception com¬ 
pressed cavities. 

Harengula zunasi. Coilia, Trachypteridae, Zeus japonicus, Coryphaena 
hippurusy Brama raii, Stromateoides argenteus, Alectis ciliaris, Leiognathus 
nuchalis, Chaetodontidae, Triacanthidae, Monacanthidae, Mala mola, Pleuro- 
nectidae. 

There are some with compressed peritoneal cavities with long intestines. 
The intestinal winding of these is, almost without exception, of the vortex type. 

e. Depressed ones. 

Those with depressed bodies generally have depressed peritoneal cavities. 
Platycephalidae and Lophiidae are good examples. 

f. Vertically elongated ones. 

Hippocampus is an example of the category. 

The size and form of the peritoneal cavity do not directly affect the feed¬ 
ing habits of fish, but as the stomach, intestine, liver, etc. which are deposit¬ 
ed in this cavity and have a close connection with its feeding habits, it can¬ 
not be said it has no connection whatsoever with the feeding habits. 

9. Peritoneum. 

Generally the peritoneum is a thin piece of membrane. 

a. No melanin chromatophores. 

In Congridae, Oplegnathidae, Branchiostegidae, Apogonidae, Serranidae, 
Plectognathi and others no melanin is found in the peritoneum. When no 
melanin chromatophores appear on the peritoneum, it is often silvery. 

b. Black peritoneum. 

Clupanodon punctatus, Harengula zunasi, Engraulis japonicus, Plecoglossus 
dtivelis, Hypomesus olidus, Dasiscopelus latipes, Carassius auratus, Hemit^ 
hamphus sajori, Atherinidae, Beryx splendens, Trachurus japonicus, Decapterus 
muroadsi, Upeneus bensasi, Girella punctata, Hapalogenys mucronatus, Thera- 
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pon oxyrhynchusy Boleophthalmus pedinirostrisy Periophthalmus ccmtonensisj 
Gadus macrocephaluSy Lophiomus setigerus. 

Hitherto, it was sometimes thought that those with black peritoneums 
are herbivorous fishes, but I do not think that is correct, inasmuch as, taking 
those from the same family, one would have a black peritoneum but the 
other would not. For instance, in the case of Lophius and Lophiomus (both 
belonging to the family Lophiidae), in identyfying them, it is important to 
know whether the peritoneum is black or not. 

10. Method of Drawing Digestive Organs. 

If you will look at the books and reports written up to the present time, 
you will find that when making a drawing of the digestive organs of a fish, 
the oesophagus is shown always at the top and the rectum at the bottom. 
This, I believe, was because anatomy was primarily connected with human 
being, human being in standing posture, but for reasons that will be gradually 
understood later, 1 have endeavoured to show them in their natural position, 
that is, in their horizontal position. This is extremely important in discussing 
the relative position of each organ. 

11. Oesophagus. 

The oesophagus of the fish is never so long as the other vertebrates. It 
is usually short, with a thick wall. Those that have comparatively long oeso- 
phaguses are Apodes, Fistulariidae, and so forth. Siluridae, Katsuwonidae, 
Thunnidae, Coryphaenidae, Serioloy Branchiostegidae, Scombrops boopSy Sciaeni- 
dae, Scorpaenidae and Lophiidae have extremely short and wide oesophagus, 
also with thick wall. 

An important item, besides its shortness and the thickness of its wall, in 
discussing the oesophagus of fish, is the fact that the mucous membrane con¬ 
sists of longitudinal parallel folds in almost all instances. The folds number 
from 6 to 50, There are of course some mucous membrane consisting of 
papillae arranged in longitudinal folds, as in the case of Clupeidae and 
Mugilidae and a few others. Longitudinal folds are, to all reason, logical in 
broadening the oesophagus when it has to swallow large size food. 

12, Stomach (PL V^VII). 

a. No stomach. 

Plotosus anguillarisy Cyprinidae, Syngnathidae, Belonidae, Hemirhamphidae, 
Exocoetidae, Scombresocidae, Atherinidae, Ditrema temminckiy Labridae, Cal- 
lyodontidae, and Mola mola have no stomachs, and among them, Plotosus 
anguillarisy Cyprinidae, Belonidae, Exocoetidae, Ditrema temminckiy Labridae 
Callyodontidae, and Mola mola have extremely well developed pharyngeal 
teeth. The rest of them, however, Syngnathidae, Scombresocidae, and Athe¬ 
rinidae having no pharyngeal teeth are plankton feeders and therefore do 
not have to grind their food. It may be said therefore that those without 
stomachs and take large size food have, almost without exception, extremely 
well developed pharyngeal teeth. It is interesting to note that the following 
examples illustrate this inference very forcibly: Parasilurus asotus and Ploto¬ 
sus anguillaris belong to the same family Siluridae. The former, with minute 
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conical pharyngeal teeth, has a stomach but the latter, contrary to the above, 
has no stomach but instead well developed cylindrical pharyngeal teeth. 

b. Specially large stomach. 

Zeus japonicus^ Pseudoblennius, Gadus macrocephalus^ Lophiidae and 
Antennariidae. These fishes are all gluttonous fishes. 

c. Specially small stomach. 

I-shape stomachs, i. e., cylindrical straight stomachs, are small in volume. 
Those belonging to the family Salangidae are representative examples of 
having very small stomachs and those of the Oplegnathidae have small V- 
shape stomachs. 

d. Forms of stomach. 

Stomachs are classified into 5 catergories, e. i., I-shape, U-shape, V-shape, 
Y-shape and i-shape according to their form. 

a) 1-shape. 

Straight, cylindrical stomachs: 

Salangidae, Parasilurus asoiusy Fistulariidae, Plectognathi. Naturally, the 
long stomachs curve a little and the short ones bulge in the middle. 

/5) U-shape. 

Cylindrical stomachs which curve in U-shape: 

Clupanodon punctatus^ Salvelinus leucomaenis plumuSy Hypomesvs olidus^ 
Aplocheilus latipes, Stroniateoides argmteus^ Antennariidae. 

r) V-shape. 

Oncorhynchiis^ Plecoglossus altivelisy Monocentris japonicus, Oplegnathidae, 
Upeneus bensasi, Acanthocepola krusensterni, Sparidae, Hapalogenys mucronatus, 
Therapon oxyryhnchus, Siganus fuscescens, Agonidae, Triglidae, ete. 

d) Y-shape, 

The above 3 forms of stomach, of), and y) have either no blind sacs 
or anything definite corresponding to it. There are often when it is difficult 
to distinguish the V-shape from the forms Y-shape stomachs. But the groups 
of fishes listed hereunder and the ones following all definitely have a blind 
sac: 

Examples of distinct Y-shape stomachs: The majority of Clupeidae and 
Apodes, Myctophidae, etc., not very many. 

s) i-shape. 

Saurida undosquamis, Sphyraena pinguis, Beryx splmdens^ Scombridae, 
Katsuwonidae, Thunnidae, Sawara niphonia, Trichiurus hxmmda^ Makaira 
mistsukurii, Xiphias gladius, Coryphaem hippurus, Brama raii, Carangidae 
(especially Seriola)^ Branchiostegidae, some of Serranidae, Sciaenidae, Scor- 
paenidae, Ammodytidae, Dinogunellus grigorjewi, Gadidae, etc. Hippoglossinae 
have a curved one. 

The i-shape stomach is generally conical in shape with a large blind sac 
and an extremely small pyloric part. This type of stomach is possessed by 
Scombroid fishes and a few others that take a large quantity of food at one 
time not obtaining food regularly. 

C) Systematical relation of stomach. 
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In my opinion, the I-shape and U*shape stomachs are of the same type 
systematically, and V-shape, Y-shape and i-shape of another type: when con¬ 
sidering the matter from the construction point of view, the ll-shape stomach 
is only a transformation of the I-shape stomach, curving into the letter U, 
and the V-shape stomach is considered a kind of the Y-shape stomach which 
its blind sac has degenerated, and the i-shape stomach is only the transforma¬ 
tion of the Y-shape, the cardiac part and the blind sac of which forming one 
straight line. 

e. Fore-stomach. 

In Stromateidae and Pampidae there is a black, oval fore-stomach, with 
a thick wall and a chitinized mucous membrane between the oesophagus and 
the ordinary stomach. It is quite clear what this organ is required for, and 
undoubtedly it helps to crush their chief food, the jeliy-fish. 

f. Wall of stomach. 

The stomach wall is generally thick, particularly the wall of the i-shape 
stomach and the stomachs of voracious fishes. When much contents are 
contained in the stomach, the wall, of course, becomes stretched to a thinner 
degree. Of the different parts of the stomach, the wall of the pyloric part 
is the thickest. This part of Clupanodon punctatus and Mugil cephalus is 
developed in muscles and takes the form of a humming-top or a bird’s giz¬ 
zard. As their principal food is organic detritus with much diatom, perhaps it 
is an adaptation to the necessity of crushing and pressing the contents. Sardinia 
melanosticta^ a diatom feeder, has similarly a well developed pyloric part of 
muscular wall and so has the Siganus fmcescens that feeds chiefly on sea-weeds. 

g. Folds of mucous membrane (PL VI, VII). 

The folds of the mucous membrane of the stomach are more varied than 
those of the oesophagus but not so much as the folds of the intestine. Ge¬ 
nerally, the folds of the cardiac part and the blind sac are similar or the same, 
or the folds of the pyloric part being slightly different. But there are some 
instances, as in the case of Clupeidae, Osmeridae and a few others, where 
the folds of the mucous membrane differ greatly with each part of the stomach. 
As shown in PL VI, Figs. 1-^3, the folds of the cardiac part in the Y-shape 
stomach of Sardinia melanosticta (Clupeidae) are oblique bands, the blind sac 
longitudinal serpentine folds, and the pyloric part small papillae arranged in 
longitudinal rows; while those of the cardiac part of the U-shape stomach of 
Hypomesus olidus (Osmeridae) consist of papillary processes arranged in longi¬ 
tudinal rows, and the pyloric part of ordinary longitudinal folds. 

As explained above, the folds of the mucous membrane differ somewhat 
according to each part of the stomach, but let us now turn our attention to 
the central part of the stomach, just between the cardiac part and the blind 
sac, and examine the folds of the mucous membrane for that part. It will 
be seen that they can be divided into 6 (a--C) types: — . 

a) Longitudinal parallel folds. 

Besides the typical longitudinal folds of Fistvlaria petimba, Branchiostegus 
japonicuSy Etrumeus tnicrapus and two or three other species of Clupeidae, 
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Dasiscopelus spinosus, Parasilurus asotus, Sphyraena pinguis, Beryx splendens^ 
Spams smnhonis, Plectognathi, Platycephalidae, and so forth, may be included 
in this type. The folds number from about 5 to 40. 

/3) Longitudinal serpentine folds. 

This is a common type. Beginning with the very simple folds of Sillago 
sihama and Congridae, Makaira mitsukurii, Xiphias gladiiis, Sciaenidae, Girella 
punctata, Sebastodes matsubarae and other Scorpaenidae, Kareius bicoloratus 
and other Pleuronectidae following, we pass on the complicated folds of 
Trichiurus haumela and Lophiidae, of which the folds of most fishes are made. 
There are also folds, such as those of Misgurnus anguillicandatm, Cobitis hiwae, 
and others, which it is more appropriate to describe as zigzag folds than 
serpentine folds. 

y) Longitudinal folds with transversal folds. 

There are some longitudinal parallel folds and longitudinal serpentine 
folds which connect each fold, that is, they have transversal folds, and they 
are often found near the tip of the blind sac. Look at the folds of Anguilla 
japonica and Gadus niacmcephalus. 

u) Longitudinal folds with fine longitudinal folds between the folds. 

Pagrosomus major and a few others. 

c) Longitudinal folds with net-work between the folds. 

Clujtea pallasii, Oncorhynchm, Hexagrammidae, etc. 

C) Longitudinal folds with papillary processe^s between the folds. 

Lepidotrigla micropiera, etc. 

It is an interesting fact that almost fill stomachs have thick walls, es¬ 
pecially the i-shape stomachs of gluttonous fishes, and the longitudinal arrange¬ 
ment of the folds of the mucous membrane, about which I have just finished 
describing is, I believe, an important factor in the functioning of the stomach. 
Because at the time of feeding when the stomach requires expansion, the 
longitudinal construction of the folds of the mucous membrane that must 
necessarily stretch with the muscles allows it to do so very capably, 
h. Situation of the pyloric part of stomach. 

The position of the pyloric part in relation to the stomach is interesting. 
From my examination of 150 species of teleosts all of them, without exception, 
had their pyloric part situated at the lower part of the stomach. 

13. Intestine (PL VIII^XII). 

There are various kinds of intestines as may be thought easily, —long 
and short—and as to their various types of winding, they are certainly variable 
and many fishes do not have a stomach but none is without an intestine, 
a. Length of intestine. 

When 1 say the length of the intestine, I mean the length measuring 
from the beginning of the intestine, i. e. the beginning of the duodenum to 
the end of the intestine, i. e. the anus. In indicating the length of the intestine, 
1 have employed the method of dividing the intestine by the distance between 
the 2 points mentioned above, that is, the straight line between d--a. 
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Table 4S^ 


Length of intestine 
compared with d—a 

Species of fish 

As long as d-'-a or 
trifly longer 

Etrumeus microptLs, Spratelloides japonicus, Clupea pallasH, Haren^ 
gala zunasi. Coilia mystus, Oncorhynchus kcta, Plecoglossus altivelis, 
Hypomesus olidus, Salangichthys microdon, Saurida undosguamia, 
Misgumus anguillieaudatus, Cobitia biwae^ Anguilla japtmica, Nemb 
chthys acolopaceus^ Fiatularia petimha^ Syngnathus schlegeli^ Athlennea 
\ anasinmellat Hemirhamphus aajori^ Cypsilurus agoo^ C. japonicus, 

' Cololabis saira, Trachypterus iris, Sphyraena pinguta, Katsuwonua 
vagans, Satoara niphonia, Echeneis brachyptera. 

Ca. 1.;^ times 

, Astroconger myriaster, AUoconger anagoides, Muraeneaox cinereus, 

1 Gymnothorax kidako, Nibea mitsukum, N. argentata. 

Ca. 1.3 times 

1 Harengula zunasi, ScUvetinus lewomaenis pluvtus, IJasiscopelus 

1 spinosus, Aiherina bleekeri, Halichoerea poedlopterus, Pseudolabrua 

1 japonicrus, Pterogobius elapotdes, Enerdrias nebulosus. 

Ca. 1.4 times 

\ Atherina tsurugae, Biyttosas kawamebari, Stllago sihama, S. japonica, 

1 Ammodytes personatus. 

Ca. 1.5 times 

1 Sarcocheilichthya variegatus, Thunnas onentalis, Paratkunnus sibi, 

1 Neothunnus macroptenis, Lophius litulon. 

Ca. 1.6 times 

. Gnathopogon caerulescens. 

Ca. 1.8 times 

; Clupanodnn punctatus. 

Ca. 2 to 2.2 times 

Ca. 2.3 to 2.5 times 

‘ Sardinia melanoaticta, Plotosus anguillaris, Tribolodon hakonensts, 

1 Makaira mitaukurii, Coryphaena hippurus, Brama rati, Upencus 
; bi'Tisasi, Acanthocepola krusenstemt, Apogofi aemihneatua, Scombrops 
, boo pH, Lateolaharx japonicus, Hapalogenys mucronatus, Paeudoblrn- 
' nius percoides, P. cottoides, P. marmaratus, Chasmichthys doUchfi- 
gnathus galosus, C. d. dolichognathus, 

' Hippocampus coronatus, Apogrm hneatus, Goniistius zonatus, Trta- 
! cant/ius brevirostris, Affmacanthus Hrrhifer, PlaXycephalus indicus, 

' Jnegocia japonica, Periophthalmus cantonensis, Dinogunellus grigor- 
, jeun, Lepidopsetta mochigarei, Limanda yokohamae, Karrius bicolo- 
ratus, Gadus macracephalus, Theragra chalcogramma 

Ca, 2.6 to 2.8 times 

' Beryx splendens, Stereolepia ischinngt, Uranoscopus japonu'us, Para- 
1 lichthys olivavevs, Atheresthes evermanni, Ihppoglossoides elassodoiu 

Ca. 3 times 

Parasdurus asotus, Monoi entris japonicus. Scomber japonicus, Xiphias 
j gladius, Psenopsis anomala, Trachurus japonicus, Decapterus muro- 
I adst, Seriola quinqueradiata, S. aureoviitata, S. purpurascens, 
j Branchiostegus japonicus, Pagrosomus major, Taius tumifrons. Spams 
; swinbonis, Therapon oxyfhynchus, Ararana aculeaia, Spheroides 
! rubripes, S. vermicularis, Scorpaenidae, Lepidotrif^a microptera. Try- 
1 pauchen vagina microcephalus, Otophidium asiro, Eleginus navaga, 
j Pterophryne histrio, Antennarius tridens. 

Ca. 3.5 times 

Engraulis japonicus, An^oscopus japonicus, Epinephelus septem- 
! fasciatuH 

Ca. 4 times 

1 Cyprinus carpio, Ditrema temmincki, Lotella phycis. 

Ca. 4.5 times 

1 Hexagrammos otakii, Agrammus agrammus. 

Ca. 5 times 

' Aplocheilus laiipes. 

Ca. 5.5 times 

1 LepUmiarus japonicus. 

Ca. 6 times 

i Leiognathus nuchalis, Oplegnathus fasciatus, Girella punctata. Bole* 

1 ophthalmus pectinirostris species only, the length is measur- 

! ed according to o-^a). 

Ca. 7 times 

1 Chaetodrm modestus. 

Ca. 8 times 

1 Siganus fuscescens, Mola mola. 

Ca. 9 times 

1 Stromateoides argenteus. 

~ 10 times or over 

; Carassius auratus (differs a great deal), Afugi/ cephalus. 


b. Winding-type of intestine (PI. VIII). 

Let us take 2 fixed points d and a, and imagin the various lengths of intes¬ 
tines between those 2 points; if the length of the intestine is of equal length, 
from d to a, it will constitute a straight line; if it is longer, it will hang down 
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and forming the letter U or V according to the length of the intestine. But 
as already explained, the body of the fish in general requires a great deal of 
muscles for swimming. Therefore, in most cases, the peritoneal cavity forms 
necessarily not a large space, in which a number of digestive organs and 
gonads must be deposited. It has therefore to find a means of arranging its 
long intestine, for which there is no other way but to wind itself in such a 
manner as best fitted for the purpose. 

When the length of the intestine is equivalent to d~a, or a little longer, 
it naturally runs in a straight line or curves just a little bit (PI. VIII, Fig. 1). 
But those that are ca. 1.2 times as long as d^^-a, present a notch, as in 
Gymnothorax kidah), or make a short turning as characteristically represented 
in Apodes and Sciaenidae; those ca. 1.3 times d--a, are seen in Harengula 
zunasi and others in the form of a S; in Dasiscopelus in the form ()f an 
r; in Atherina bleekeri and Labridae in a characteristic circular winding; 
and in Enadrias nebulosus in a very peculiar zigzag turning. Among those 
ca. 1.4 times d—a, a large number of them take the midway N-shapc form, 
that is, the short turnings of the N-form (note the 2 turning points which 
lengthen in the direction on the arrows) are about to run into the long 
turnings, and those from ca. 1.5 to 3 times generally take the N shape 
winding. The longer it is the more perfect the N winding is apt to be. 
Another interesting feature of the arrangement of the intestine is the vortical 
type of winding, the way of which is emoloyed in arranging a long intestine 
in a compressed peritoneal Ciivity. The intestines of Chaetodem modestus and 
Siga?ius fuscescens, which 1 shall describe later, are typical examples (of long 
intestines, but even those that come under this group of the length from 1.5 
to 3 times, take more or less this form of winding, such as the intestines of 
Clnpamidon punctatus, Sardinia nwlanostict^, the majority of Plectognathi, and 
Pleuronectidae, etc., and if you will scrutinize the figures, you will see that 
this type of winding has been derived from the N-shape type of winding; this 
is a very important fact. Besides those described above, there are the horizon¬ 
tal zigzag windings of Plotosus anguillaris and Sphaeroides rubripes, the ver¬ 
tical zigzag winding (slightly inclined to coil) of Xiphim gladius, and the 
somewhat indeterminate types of Hipj)ocampus coronatus, Gadus mocrocep- 
halus, Parasilurus asotus, Branchiostegus japonkus, Antennariidae, etc. 

There are not many intestines over ca. 3.5 times of d—a. They cannot 
logically take the form of a typical N-shape. However, the intestines of 
Arctoscopus japonicus and Epinephelus septemfasciatus come near to this type 
but it is nevertheless quite transformed. Now let us compare and consider 
those over 3.5 times long. First the intestines of Engraulis japonicus, ca. 
3.5 times and Aplocheilus latipes^ ca. 5 times, have very rare and curious 
types of winding. These types, when first viewed, look like ordinary coiling 
but on further scrutiny, it will be seen that the former is a peculiar type 
derived from the N-shape and the latter from the zigzag winding. The in¬ 
testine of Oplegnathus, ca. 6 times long, is a twisted N-shape winding, for¬ 
ming the letter 8, and the intestine of Stromateoides argenteus, ca. 9 times 



262 


Y. SUYEHIRO 


long, (note, however, that this species has 2 kinds of intestine: one diat is 
very long and narrow and anothter one that is broader and trifly shorter), is a 
more complicated form of that same type of winding, in that it winds back 
and forth several times. The intestine of Mola mola (ca. 8 times) also winds 
in a type similar to this. The intestines of those with compressed peritoneal 
cavities, Leiognathvs nuchalis (ca. 6 times), Chaetodon modestus (ca. 7 times), 
and Siganus fuscecscens (ca. 8 times), winds in the form of a vortex, the first 
and latter parts of which winding in opposite directions. The intestinal win¬ 
ding of Girella punctata (ca. 6 times) takes the form of a semi-circular plane 
of a vortex, and Boleophthalmus pectinirostris, ca. 6 times, a rough form of 
the letter N, plus a vortical winding in the central part. The long intes¬ 
tines of Carassius auratus and Mugil cephalus, over 10 times, are complicatedly 
arranged, winding back and forth, plus a combination of the torsional and 
vortical types of winding. 


As may be gathered from the above, except for a few examples of the 
zigzag type of winding and. two or three other types, it may be said that 
all intestines are of the N-shape type of winding, or types derived from this 
form, and this is an important matter which must be carefully noted. 

I have on several occasions used the term “ type of winding derived 
from the N-shape type ”, however, I used this phrase merely to describe the form. 
The intestines that are merely straight at the larval stage begin to form the 
letter N as they develop with the growth of the body, and that although 
those that are destined to have longer intestines take various other forms 
which characterize them, they are founded at first on this particular type of 
winding. 

The intestinal type of winding of those belonging to the same genus is 
generally the same but this is not usually so in the case of families. There 
are, however, minor differences, i, e., individual variations, such as the length 
of the intestine and other minor details which do not affect the type of win¬ 
ding characterizing the intestine of that fish. These differences occur in the 
middle parts of the intestine. 

c. Width of intestine. 

or) Specially wide intestine. 

With the exception of Aplocheilus and Leptoscarus, the rest fishes coming 
under this category have straight intestines: Saurida undosquamis, Aplocheilus 
latipeSf Belonide, Hemirhamphidae, Exocoetidae, Leptoscarus japonicus, etc. 

/?) Specially narrow intestine. 

Those with long intestines, such as Carassius auratus and Mu^l cephalus. 

r) Intestine narrow when the stomach is large. 

Zeus japonicus, Trichiurus haumela, Pseudoblennius, Gadus macrocephalus^ 
Lophiidae, Antennariidae, etc., and many of those with intestines of this des¬ 
cription are voracious carnivora. 

d. Thickness of intestinal wall. 



A STUDY ON THE DIGESTIVE SYSTEM AND FEEDING HABITS OF FISH 263 


oc) Specially thick. 

Siluridae, Anguilla japonica, Exocoetidae, Makaira mitsukuriij Xiphias 
f^diusy Brama rai% Psenopsis anomalay Serranidae, Mala mola. Platycephalidae, 
Pterogobius elapoidesy Echeneidae, Blenniidae, Fleuronectidae, of these I should 
say the wall of Exocoetidae is the thickest. 

/?) Specially thin. 

Aplocheilus latipes, Cobitidae, Trachypteridae, Atherinidae, Apogonidae, 
Triacanthidae, Balistidae, Monacanthidae» Ostraciidae, Cottidae. I should say 
that Cobitidae has the thinnest intestinal wall. 

e. Folds of mucous membrane at the middle part of intestine (PI. IX—XII). 

It should be noted that among the various folds of the mucous membrane 
of the digestive tract, the folds of the oesophagus are the simplest, the stomach 
next, and the intestine the most complicated. As there are various intestinal 
lengths, there naturally arises the question of absorbing the nutrition. 

It is very difficult to classify all the different folds. At any rate, I have 
classified them (principally the folds of the mucous membrane of the middle 
part of intestine) in the following manner. I have to add that there are 
times, as in the case of the stomach, when the folds of the intestine are 
stretched or worn out on account of the contents inside and not in their nor¬ 
mal condition. For instance, when there are large contents, the papillary 
process of the mucous membrane on a background of network becomes erase 
and only the net-work remains. In order to avoid making any mistakes, I 
examined as many as I could and also those in the aquarium almost in a 
state of fasting. 

ot) No fold. 

Cobitidae. 

i^) Few folds. ^ 

Sciaenidae, Gadus macrocephaluSy Theragra chalcogramma, Eleginus navaga. 

y) Longitudinal folds. 

Syngnathus schlegeliy Aratoscopus japonicuSy Chaetodon modestvs, Lophiidae. 
The longitudinal folds of Scomber japonicus have vertical waved ridges, while 
the folds of Platycephalidae have warts between the longitudinal folds, and 
the folds of Stromateoides argenteuSy etc. are inclined to be serpentine. 

d) Longitudinal zigzag folds. 

The majority of Cyprinidae, and Spratelloides japonicus, Trachypterus iris, 
Beryx splendens, Leiognathus nuchalis, Hapalogenys mucronatus, Ditrema tern- 
mincki, Antennariidae, etc. The folds of Ditrema are the most typical of 
this kind. There are others like the papillary processes of Scombrops boops 
arranged in this zigzag form. 

e) Transversal folds. 

Clupanodon punctatus, Etrumeus micropus, Clupea pallasii, Sardinia 
melanosticta, Engraulis japonums. Coilia mysius, Salmonidae, Plecoglossidae, 
Osmeridae, Salangidae, and the folds of the intestine of those belonging to 
the group of Isospondyli are so arranged. 

r) Transveral zigzag folds. 
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These folds are not very clear, but they are seen in Aplocheiliis latipeSy 
Monocentris japonicus, etc., besides which the papillae of Fistularia petimba 
are arranged in this manner. 

37 ) Net-work, 

The folds of Cyprinus carpio are typical examples of single net-work. 
It is to be noted that while other Cyprinoid fishes have longitudinal zigzag 
folds, the carp alone has folds of a single net-work. Gymnothorax kidako, 
Tfichiurus haumela, and Stereolepsis ischinagi are those with typical double 
network. The following have either single or double net-work folds: the 
lower part of the middle intestine of Oncorhynchus, Anguilla japonim, Zeus 
japonicus, Makaira mitsukurii, Brama raii^ Psenopsis anomala, Serranidae, 
Goniistius zonatus, Scorpaenidae, Hexagrammidae, Cottidae, Agonidae, Trigri- 
dae, Boleophthalmus pectinirostris^ Blenniidae, etc. I’he folds of Sparidae are 
combinations of net-work and papillae. 

Papillary process. 

Congridae, Muraenesox cinereus^ Belonidae, Hemirhamphidae, Exocoetidae, 
Cololabis saira, Sphyraenidae, Mugil cephalus, Atherinidae, Katsuwonidae, 
Thunnidae, Xiphias gladius, Coryphaena hippurus, Carangidae, Oplegnathidae, 
Branchiostegidae, Apogonidae, Therapon oxyrhynchus, Siganus fuse >scens, Plecto- 
gnathi, Pterogobius and other Gobiidae, Echeneidae, Uranoscopus japonicus, 
Ammodytes personatus^ Cynoglossidae, etc. There are others: Jjeptoscarus 
japonicus that has extremely long papillary processes and Pleuronectidae with 
petaloid papillae. The Sparidae mentioned above might be included with 
this group. 

i) Branched folds. 

Saurida undosquamis, Upeneus bensasi, Periophthalmus cantonensis, Ij)tella 
phycis, etc. 

In a long intestine, the folds of the mucous membrane are not always 
the same in all parts but vary in some parts. This may be observed clearly 
in Oncoryhynchus keta and Mugil cephalus. The folds of a short intestine are 
generally complicated as in the instance of double net-work folds. 

f. Rectum. 

Almost all fishes have a rectum, but it cannot be distinguished clearly 
from outside, but on cutting the intestine open, is will be seen that in most 
cases, a valve divides the rectum and the middle intestine distinctly. There 
are some instances, however, in which the rectum is broader than the middle 
intestine and may be distinguished clearly from outside: Syngnathidae, Inimkus 
japonicus, Pterogobius elapoides, Chasmichthys, Ammodytes personatus, etc. are 
examples of this. The development of the folds of the mucous membrane of 
the rectum is generally poorer than those of the middle intestine. 

g. On the length of intestine and feeding habits. 

It has been considered up to the present time that aminals vyith long 
intestines are herbivorous in their feeding habits, and those that have short 
intestines are generally carnivorous. However, Aat is not always true, because 
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not only are the vast majority of fishes omnivorous in their feeding habits but 
Plecoglosstis altivelis, a feeder on blue-green algae and diatoms, has a very 
short intestine, and such fish as Xiphias gladius, a purely carnivorous fish, 
has a long intestine. But speaking generally, herbivorous fishes have long 
intestines (Examples: Laptoscarus japonicus, Girella punctata, Boleophthalmus 
pectinirostris, Siganus fuscescens, etc.). 

14. Pyloric Appendage (PL XIII, XIV). 

a. Number. 

As listed above, the number of pyloric appendages ranges from zero to 
over a thousand. In some cases, all the species belonging to one particular 
family have the same number, but there are some others that differ materially 
with each species, although of the same family. This is clearly illustrated in 
Blenniidae, for some of its species have pyloric appendages and the others 
have none. Thus, it may be said that the greater the number of appendages, 
the greater their individual variation. 

b. Length of pyloric appendage. 

a) Long pyloric appendage. 

The following fishes have long appendages. 

Sphyraena pinguis, Beryx splendens, Monocentris, japonicus. Scomber ja- 
ponicus, Slromateoides argenteus, Trachvrus japonicus, Decapterus muroadsi, 
Hexagrammidae, Lepidoirigla micropterus, etc. 

t^) Short pyloric appendages. 

The following fishes have short appendages. 

Clupanodon punctatus, Spratelloides japomcus, Engraulis japonicus. Pie- 
cx)glosfius altivelis, Hypomesus olidus, Synodontidae, Trachypteridae, Zeidae, 
Branchiostegidae, Girella punctata, Sparidae, Goniistius zonatus, Uranoscopidae, 
Ammodytidae, Pleuronectidae, Lophiidae, etc. 

t) Irregular lengths. 

The lengths of most pyloric appendages growing in clusters arc bound 
to be more or less irregular, but the followings are outstanding examples: of 
the 5 pyloric appendages of Braina raii, 2 are long and broad while the other 
3 are short and narrow; of the 5 of Sillago sihama, only 1 of them is long; 
of the 3 of Siganus fuscesecens, 2 are long and 1 is short, and there exist 
a few similar instances. 

c. Some pyloric appendages requiring special mention (PI. XIV). 

Saurida undosquamis has about 20 pyloric appendages, but as they are 
so extremely short, they are apt to be overlooked; the pyloric appendages of 
Katsuwonidae, Thunnidae, Istiophoridae, Xiphiidae, Coryphaenidae, Echeneidae, 
form 1 compact mass by means of connective tissues and are often erroneously 
taken for the liver or the pancreas. The pyloric appendages of Sawara 
niphonia are also great in number but do not quite form a compact mass as 
in the above cases. They are similar to those of Prochilodus insignis describ¬ 
ed by Pernkopf (1930) in his book, and the appendages of Psenopsis ano- 
mala are similar to those of Lepidosteus osseus discovered also by Pernkopf. 

d. Folds of mucous membrane. 
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Table 44 


Number ot 
pyloric app e ndage 


None 


Fish 

Salangidae, Cyprinodontidae, Siluridae, Cyprinidae, Cobitidae, Anguillidae, 
Congridae, Muraenesocidae, Nemichthydae, Muraenidae, Fistulariidae, Syn- 
gnathidae, Belonidae, Hemirhamphidae* Exocoetidae, Scombresocidae, Athe* 
rinidae, Embiotocidae, Labridae, Callyodontidae, Triacanthidae, Balistidae, 
Monacanthidae, Ostraciidae, Tetraodontidae, Mola mola^ Gobiidae, Enedrias 
nebulasus, Cynoglo ssidae, Antennariidae. _ 


1 


2 


3 


4 


5 


6 


7 



8 

9 


Usually 10 

' Tl 

12 

14 

15 

About 25 
" 3 ()' 
36-39 

_ About 40 
45-50 
About 50 
„ ‘ 60 
63-67 
About 80 
90 

".,120 
120-150 
About 150 
150-160 
About 200 
250-300 ' 
SSO^K )' “ 
About 3^ 


Ammodytidae (rudi mentary) __ 

Mugil cephalus, liranchioategus japonicus, Bryttosus kavmmebari^ Lophiomus 

aetigerus._ _ _ __ 

Nibea arg entatOt Si ganua fuacestcens. __ 

Apogonidae, Sillaginidae, Sparidae, Hapalogenys mucronatua^ Goniistiua 

zonatus, most of Pleuronectidae. __ 

Hypamtsaus olidus (sometimes 6% Brama raii, Nibea mttaukuTiif Dinogunellus 

gri gorjetpu __ _ 

Monocentna japonicus^ Platycephalidae, Podothecvs acipenaerinus. _ 

Ar ctoscoptia japonicus, Acanthocepola kruaensterni. _ 

Lepidotrigla mtcroptera^ Uranoacopua japanicus, Ltmanda yokohamae (S to ^4). 
Daaisc opelus apinosua. ___ 

Sebaatod es tnermiSt Pseud tiblenniua. _ _ ___ 

Upeneuajhcnaasi (il to 14), Otoph^ium (isiro._ _ _ _ 

^ombropa hoops (12 to 14), Ster eolepais isckin agi^ Therapon ox^hynchua. 

Saiveiinus leucomaenaia pluviua, _ 

Spr^el^des japonicu s. Coilia myatua^ Trachurus japonicus. 

Deca pterus muroadai ^18 to 2 4 ). ___^ . _ 

Clupea pailasii (25 to 27), EngrauUajaptmicust Spliymena pinguis. 

_Beryx splendensy Alectis ciliar is. _ _ _ __ 

Harengula zunai. __ 

dn corh ynchus masou ( 40-45), Seriola aureo vittata. _ 

Hexagrammi^e. __ _ . _ _ _ 

Opleg nathus fasciatus, __ __ 

Seri ola purpurascens.__ 

Eleginus navaga. __ 

Oncorhynchua nerka. _ _ 

Thera gra chalcogranwia. _ 

Sardinia mela nosticta, . . .. 

Zeu s ja pnnicua. 

drworhynchus ketUf Scombet^ japon icua. Girella punctata. 

E pinephe lua aeptemfascia tus, __ _ __ 

Trachypterus iris. ____ 

Ser iola quinqueradiata __ 

Ple cogloasua altivelia. ___ ____ 

Gadua macr oce phaius . ___ 


Roughly 600 

Countless 

number 


Strom ateoides argenteua. _ __ ___ 

Etrumeua micropus. _ _ 

Clupanodon punctatus, Katsuwonidae, Thunnidae, Cybiidae, Istiophoridae, 
Xiphiidae, Cory phaenidae, Ec heneidae.__ ___ 


The pyloric appendages of fishes were mistaken for the pancreas up to 
the end of the 19 century, but this was rectified by Legouis (1873) and Laguesse 
(1894). By pointing out the similarity of the folds of the mucous membrane 
of the pyloric appendages and the intestine, Jacobshagen (1911) proved that 
pyloric appendages were coecal outgrowths of the intestine. The writer also 
compared the folds of these both organs and found them practically the same 
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15. Colour of Digestive Tract. 

The colour of the digestive tract, including the stomach, the intestine 
and the pyloric appendages, when fresh, is generally pale yellow (almost white 
or pink, but there are few with other colours. The intestines of sardines 
and anchovies are green when they have fed on diatoms and brown when 
they have fed on Copepods. Put out of the question they are only the 
colours of the intestinal contents showing through the wall. 

Table 45 


Family 

1 Species 

1 

1 Stomach 

i Intestine 

Engraulidae 

Enf^aulis japonicus 

greyish black 

j black 

.. 

Coilin mystust 

pink 

red 

Myctophidae 

Dasiscopelus spinosus 

j greyish black 

black 

Apogonidae 

Apogon lineatus 

black 


C ynoglossidae 

Rhinnplagusia japon^ca 

usual colour 

' usual colour 

- 

Areliscus joyneri 

greyish black 



16. Mesentery. 

Mesentery is something that is not usually well developed in a fish, hut 
some of it are quite thick, even with mesenteric roots (Radix mesenterii) exist¬ 
ing distinctly. Examples of developed mesentery are: Parasilurus asotus^ 
Thunnidae, Makaira mitsukurii, Xiphias gladius, Coryphaena hippurus. Lei- 
ognathus nuchalis, Sparidae, Goniistius zonatus, SiganiLs fuscescens, Plecto- 
gnathi, Pleuronectidae, Lophiidae, Antennariidae, etc. 

17. Liver, 

Most fishes have an ordinary liver, but some have what is called a 
“ hepatopancreas ”, that is, a combination of the liver and the pancreas. I 
have already written on the history and discoverer of this organ, but from 
my study of various materials, Cyprimis carpio is a representative example of 
that with a hepatopancreas, the others being Plotosus anguillaris, Syngnathidae 
Therapon oxyrhynckus, Sparidae, some Gobiidae, Pleuronectidae, etc. 
a. Form. 

The liver of most fishes usually consists of 2 lobes (bilobes), i. e. the left 
lobe (Lobus sinister) and the right lobe (I^bus dexter) but some very often 
have only 1 lobe (unilobe), some 3 (trilobes), and some several lobes (polylobes). 

a) Unilobe. 

Oncorhyrtchus^ Plecoglossus altivelis^ Aplocheilus latipes, Monoceniris japo- 
nicus^ Scomber japonicus^ Arctoscopus japonicusy Gymnodontesy Echeneidae, etc. 
— theirs might be said to consist of 1 lobe. 

P) Trilobes. 

Katsuwonidae, Thunnidae, Cybiidae, etc. — theirs might be said to have 
3 lobes. 

r) Polylobes. 
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There are often cases in which each lobe of bilobe or trilobe livers is 
further subdivided and form what may be called the polylobe livef, but there 
are, however, no representative examples of the sort. The following, how¬ 
ever, may perhaps be given as examples of such liver: Etrumeus micropuSy 
some Carangidae, Podothecus, etc. 

d) Some characteristic forms. 

The liver of Cyprinidae has no definite form and may be found half 
diffused in the spaces between the intestines. The liver of Gobiidae takes 
the form of a boat or a shovel. Along the edges of the liver of Scombrops 
hoops and Coryphaena hippurus are characteristic notches, and on the surface 
of the liver of Thunnus orientalis are blood vessels rather thickly diffused. 

b. Size. 

Large livers. 

Parasilurus asotu${ Plotosus anguiHaris, small), Apodes, Sphyraena pinguis, 
Zeus japonicus, Beryx splendens, Coryphaena hippurus, Stromateoides argen- 
tens (specially large), Epinephelvs septemfasciatus, Plectognathi (with Mona- 
canthidae heading the list extremely large), Scorpaenidae, Dinogunellus 
grigorjetvi, Otophidium asiro, Gadidae, etc. 

i^) Small livers. 

Spratelloides japouicus, Salvelinus leucomaenis pluvius, Salangidae, Fistu- 
laria petimba, Synentognathi, Mugilidae, Atherinidae, Scombridae (specially 
small), Xiphias gladius, Therapon oxyrhynchus, Siganus fuscescens, etc. 

The form, the weight and the colour of the liver seem to vary a great 
deal individually and seasonally, but 1 did not make a detailed study at present. 

c. Position. 

When it is a unilobe liver, it is located either above or below the sto¬ 
mach, or on the right or left side of it. When it has more than 2 lobes, 
it usually overhangs the stomach or takes the position of lifting it from below. 
In the case of a trilobe liver, the left and right lobes are located on the right 
and left sides of the stomach respectively. In this connection, I noticed that 
in most cases, the left lobe is larger than the right, and that there are com¬ 
paratively few instances in which the right lobe is larger than the left. In 
my opinion, this is worth noting. Another interesting fact was noted in 
the case of Pleuronectidae: regardless of whether their eyes are on the left 
or right side of the body, the liver is always on the left side of the stomach. 

The form of the peritoneal cavity restricts the form of the liver, that is, 
it is usual for the lobes with those fishes with only slightly compressed peri¬ 
toneal cavities to be short, but with those with compressed peritoneal cavities, 
they are longer, the liver being flattened in such a case. 

18. Gall-bladder (PI. XV). 

According to Bridge (1922), the gall-bladder is absent in Trigla, 
a. Form. 

Most fishes that came under my observation have a spherical or an ellip¬ 
soid gall-bladder but the followings have rather long, elongated ones: Scorn- 
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bridae, Katsuwonidae, Thunnidae, Cybiidae, Trichiuridae, Istiophoridae, Xi- 
phiidae, Coryphaenidae, Bramidae, Stromateidae, Pampidae, Carangidae, 
Opiegnathidae, Mullidae, Scombropidae, Serranidae, Sciaenidae, Girellidae, 
Sparidae^ Pomadasyidae, Theraponidae, Aplodactylidae, Hexagrammidae, 
Ophidiidae, Eleginiis navaga (other Gadidae ellipsoidal). 

b. Size. 

Those with small gall-bladders are: Engraulidae, Cepolidae and Pseudo- 
blennius ; and Beryx splendens, Siganus fuscescens^ Plectognathi, Scorpaenidae, 
Pleuronectidae, Gadidae, Lophiidae, Antennariidae, etc. have large gall-bladders. 
The gall-bladder of Uranoscopidae is particularly large. 

c. Colour. 

In most cases yellow or green. In the case of Engraulis japonicus black¬ 
ish grey. 

19. Cystic and Bile Ducts. 

The longer the cystic duct, the farther away the gall-bladder is from the 
liver, and the longer the bile duct, the farther away it is from the duodenum, 
and as the bile duct always opens at the beginning of the duodenum, one 
may distinguish the stomach and intestine from where it opens. 

The cystic and bile ducts of Siganus fuscescens are both long. In the 
cases of Girella punctata, Theraponidae, Labridae, Platycephalidae, Scorpaenidae, 
Pleuronectidae, Lophiidae, etc., the cystic ducts are long but the bile ducts 
are comparatively short. Cobitidae, Apodes, Plectognathi, Blennidae, Gobiidae, 
etc. have short cystic ducts, the bile ducts of Cobitidae and Apodes being 
extremely short. The bile ducts of Clupeidae are long but the cystic ducts 
are comparatively shoit. 

20. Pancreas. 

Of the various vertebrates, the pancreas of teleost is the only one that 
is not compact in stnicture. It is diffused on the surfaces of or inside of 
between the liver and spleen and around the digestive tracts. However, an 
almost compact structure of the pancreas may be seen exceptionally in 
Parasilurus asotus and Apodes, etc. Thus, it is usually most abundantly found 
in little gaps made by the bending, circling and winding of the intestine and 
along the mesentery or in tiny spaces between the pyloric appendages (ex¬ 
amples : Siliaginidae, Pleuronectidae, Callyodontidae, Salmonidae). 

As the existence of the pancreas depends on the blood vessels for its 
mainstay, it usually gathers around them in the form of centipedes, if branches, 
while others take the form of cords. 

At first sight, it looks fat, but it is not so hard to distinguish the two 
macroscopically, although it is almost impossible to expect any amount of 
accuracy in the matter, the writer is therefore not in a position to discuss 
this in any detail in my present study and would refer the readers who require 
this information to the splendid work already accomplished in this respect by 
Arima and Kubota (1931). 

21. Taxonomy of Fish According to the Forms of Digestive System. 

Tarxonomy of fish was hitherto conducted principally according to external 
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characters and not according to internal characteristics, that is it was not 
based on the differences of internal organs, and therefore, as the internal 
characters become more distinct, I am inclined to believe that the taxonomy 
of fish of tomorrow will be quite different to what it is today. Are there 
not sufficient reasons for that possibility? As I am not a taxonomist, per¬ 
haps I have no right going into a discussion regarding this matter, but as a 
result of my humble studies, 1 have raised several questions in my mind as 
to the truth of some facts, and although I do not propose to do anything 
about it, I wish to submit them for the consideration of taxonomists. 

a. Isospondyli, a group of fish possessing the Mesocoracoid and Orbitosphe- 
noid has been considered an important item in the classification. Besides, 
the writer found from his present study, that the intestinal mucous membrane 
of all the fishes belonging to this sub-order consists of transversal folds. 

b. The colours of the digestive tracts of Engraulis japonicus and CoiUa 
mystus, both of the family ICngraulidae, are black and red respectively, and 
while the intestine of the former is extremely long and winds in a characteris¬ 
tic manner, that of the latter runs in a straight line without any turnings. 
These are big differences, however, as there are others from the same family 
whose colour of the digestive tract and intestinal length differ materially if 
they are of different genera, perhaps this difference is a point not worth 
bothering about from the taxonomic viewpoint and should be questioned when 
and why there should be such an occurrence in the same genus. 

€. The fishes of Apodes do not have any gill-rakers or pharyngeal teeth; 
the stomachs take the Y-shape form, and there are characteristic notches or 
short turnings in the lower parts of the intestine. But Nemichthys has a 
heart-shaped stomach and a straight intestine. 

d. All those from the family Syngnathidae do not have a tongue, a stomach 
any teeth, nor gill-rakers, and are very primitive insofar as their digestive 
systems are concerned. 

e. The extremely well developed pharyngeal teeth, the longitudinal zigzag 
folds of the intestinal mucous membrane and no stomach characterize those 
from the family Cyprinidae. But the intestinal mucous membrane of the 
Cyprinus carpio alone is distinctly a piece of single net-work, with a liver 
diffused with the pancreas, constituting thereby a hepatopancreas. These are 
facts that cannot be overlooked from the taxonomic point of view. Let us 
now compare the carp with its nearest relative Carassitis auratus, which is 
so nearly allied that hybrids are often found between them. 


Table 46 

Cyprinus carpio 

1 Camssius aumtus 

Barbels 

pairs 

1 pair 

Pharyngeal teeth 

1, 1, 3/3, 1, 1 

1. 3/3, 1 

Intestine 

rather long 

extremely long 

Intestinal mucous membrane 

single net-work folds 

longitudinal zigzag fold 

Pancreas 

. diffused inside the liver 

not diffused inside the liver 
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f. Scombridae differs somewhat internally from its closely related Katsuwo- 
nidae and Thunnidae* This difference has already been detected by Kishino- 
uye (1923) : although the latter two have compact masses of pyloric appendages 
and trilobe livers, Scombridae has pyloric appendages similar to those of 
Carangidae and an unilobe liver. In addition to this, the intestinal mucous 
membranes of the latter two consist of some net-work, but Scombridae has 
an intestinal mucous membrane consisting of longitudinal folds with waved 
ridges, 

g. The jaw teeth and pyloric appendages of Trichiuridae have a very different 
aspect from those of Katsuwonidae, Thunnidae, Istiophoridae and Xiphiidae. 

h. There seem to be two kinds of type in the intestine of Stromateoides 
argentens — the rather short and broad type and the long and narrow type. 

i. Regardless of the N-shape intestinal winding of all other Carangoid fishes, 
the intestine of Alectis ciliaris alone winds in a circular manner. This is a 
very appropriate example with which to support my view’ that when the 
peritoneal cavity is very much compressed, the intestine often assumes the 
circular or vortical form of winding. 

j. Those from the family Gobiidae have various lengths of intestine. Accor¬ 
dingly, there are various types of winding. The stomach, however, is always 
invariably the same characteristic I-shape. 

k. Some Blenniidae have pyloric appendages but some do not. This is a 
fact worth noting. 

l. It is better to classify the family of flat-fish, viz. Heterosomata, into 
Pleuronectidae and Soleidae, again Pleuronectidae into subfamilies, Pleuronec- 
tinae, Hippoglossinae and Psettinae, instead of into Bothidae, Pleuronectidae, 
Cynoglossidae, etc., because there is a great difference in the features of the 
digestive systems of Pleuronectinae and Hippoglossinae. 

Food and Feeding Habits. 

In order to obtain a right judgment concerning the natural feeding habits 
of fishfis, we must collect as many materials as possible concerning each species 
of fish in different seasons and localities, and then analyze the stomach con¬ 
tents minutely. 

Consequently several years would be needed if only one person were to 
be engaged for attaining a correct idea of the feeding habits of the fishes of 
even one species. 

^fortunately, however, quite many results of the research as to the feed¬ 
ing habits of various kinds of fishes have been published by many scholars. 
1 have tried to combine these results with my own to gain a correct judgment. 
Through such a procedure I have completed my inquiry in connection with the 
food and feeding habits of teleosts. 

In the present study I have chiefly dealt with the food of the fishes on 
point of qualitative view, because at present the problem of food for so many 
fishes has not been sufficiently solved yet even from the point of qualitative 
view; therefore I consider it to be premature to begin with the quantitative 
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Study at such a period. 

1. Classification of the Feeding Habits. 

Excluding several species, various substances are found in the stomachs 
of fishes when they are cut opened. Picking out extreme cases the following 
statements are read: letters (Fishing News, 1930, 25), spoons (Ibid, 1927, 21), 
diamond (Fishing Gazette, 1918, 10; Fishing News, 1930,22) etc. were found 
in them, curious to say. 

In speaking Siganus fuscescens, a fish considered purely a herbivorous, is 
caught sometimes by bait of clam-worms, also Trichiurus haumela^ a sea fish, 
by loach a fresh-water fish. So opinions prevail that fishes eat anything that 
comes along. , 

If we investigate the feeding habits of fishes from similar angle, namely, 
through their principal food, differentiation is easily seen; accordingly a suit- 
able classification is brought forth. Moreover, a suitable classification is pos¬ 
sible by the way of establishment of a larger category instead of a traditional 
classification, namely jamming up many into a small group as scholars have 
been doing. 

Now I will state the results obtained from the present study in regard 
to the classification of the food and habits of the fishes in a form of table 
(See Table 47). 

a. Fresh-water region. 

The fishes living in the region are Cyprinidae, Salmonidae, Siluridae and 
Cobitidae, etc., and on the other hand, insects, their larvae, micro-crustaceans 
and diatoms, etc. to be produced in fresh-water, are bred in the region, there¬ 
fore their food is mostly limited within this sphere. It is noteworthy, how¬ 
ever, that the region of fresh-water is liable to cause subsiding, freezing or 
reducing food supply, and that as the living conditions over there are not so 
good compared with other regions, so they have to be patient with scantiness 
of their food, and even they abstain from food during winter, or they have 
to take the food that are at hand, that is, omnivorous. 

b. Blackish water region. 

As the most fishes living in this region can live in fresh-water as well 
as in coastal water, the physical adaptation is vigorous; thus they have eqally 
omnivorous habits. NeverAeless, ebbing or flowing of tide affect upon the 
course of the water, quality of the water and the species or quantity of 
plankton and the consequence is spasmodic food taking in accordance with 
the tidal variation. * 

c. Coastal region. 

Owing to the fact that creatures as food for fishes are distributed in 
the region most abundantly and uniformly, we find in this region such fishes 
as shaped to have comparatively slowness in swimming velocity. Therefore 
we find there various fishes which are manifold in their food and their modes 
of catching food. 

ot) Tidal pool. 

Here live mostly young fishes, and Chasmichthys is a sole adult fish 
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found here. This fish lives on rock-slater and green-algae etc., and it eats 
even its own youngs and the reason is assumed to be due to the scantiness 
of the creatures to be found for the food of this fish. 

fi) Upper and middle layer. 

In this region are found abundantly zoo-plankton, phytoplankton or 
larval fishes; thus sardines and mackerels or others take these creatures 
without special efforts whatever. As sardines live in swarm both in coastal 
or oceanic regions, large fishes living in the neighbourhood are fond of sardines, 
that is to say, Seriola or Sawara niphonia feeds principally on sardines in 
the region. A special attention is called for the fact that Psenopsis anomala, 
Stromateoides argenteus and some others take jelly-fishes as their usual food. 
Periophihalmtis cantonensis is peculiar somewhat: the fish catches crawling 
crabs, Ligida and others around there by way of jumping on the beach. 

y) Around rocks. 

Here are found Opiegnathidae or Monacanthidae, etc. which have strong 
jaw-teeth, and take the hard food such as Balanus which attaches itself to 
rocks ; Girella punctxita, Leptoscarus japonicus^ Siganus fuscescens, etc. take sea¬ 
weeds growing on rocks; Sparidae, Tetraodontidae, etc. eat omnivorously liv¬ 
ing things that gather around rocks; Congridae, Muraenidae, or the like have 
sharp jaw-teeth, and hide themselves behind rocks or in the mud in the day¬ 
time but come out in the night to attack large fishes or macro-crustaceans. 

o) Between weeds. 

Here we find Syngnathidae which take micro-crustaceans using their long 
snout like a pipette because of destitution of teeth; also Ditrema temmincki 
which eats spectre-shrimps that attach to sea-weeds. And, as this region is 
the breeding place of various young fishes, Carangioid and Blennoid fishes, 
etc. wander al)out there to search after them for their food. Pierophryne 
histrio whose colour is ambiguous to that of sea-weed, hides usually between 
weeds and attacks the young fishes which come up there. 

c) Bottom. 

The fishes living here need not work much especially for food, and the 
extreme weakness of their swimming power is obvious as a result of it. 
Another noticeable thing is Lophiidae that stays still in the bottom of the 
sea and catches fishes attracting them by lures above his own head. 

Those which eat exclusively the bottom fishes are Miiracnesocidae, Zeus 
japonicus^ Lotella phycis, etc,; and those which selectively aim at young fishes 
or small CrusUicea (Amphipoda, Isopoda, etc.) are Apogonidae, Sciaenidae, 
Sillaginidae, etc.; and those which eat shellfishes, clam-worms, brittle-stars, 
sea-urchins, etc. that are produced plentifully in this region in addition to 
young fishes, small Crustacea, or others, are as follows : Leiogrtathus nuchalis, 
Goniistius zonatus, Monacanthidae, Platycephalidae, Trigridac, Pleiironectidae, 
etc. 

As the noteworthy characters of the feeding habits or adaptation of the 
fishes living in this region may be mentioned as follows: they have pro- 
trusile jaws for the purpose of catching minute food in the muddy bottom as 
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Table 


Habitat 

Usual 

food 

Fresh-water region j ^^ater region 

Coastal-water 

Tide j Upper and 

pool middle layer 

Around rock 

Ajgoe 




Mtigil rephalus 

Siganus fuserseens 

Algae+Mud 


Afugil cephtdus 



A1gae+Sh«11-fish 




1 

1 

l^ioscarus 

japoniewi 

Algae 'fPolychaeta 




Engranlis 

japonievs 

Holeophthalmus 

pecHmroatris 

Girella punctata 

Diatom 




Diatom+Blue- 

algae 

Plpcogloasus aliivelis 




Diatom-f-Micro- 

Crustacea 

Hypotneswt olidus 

Harengula sunan 


Sardinia 

melanostwAa 

- -- - 

Diatom+Micro- 

Crustacea+Mud 


Clnpanodon 

pnnctatus 


Clnpanodon 

pnnctatus 

msmWSESM 

Salve/tntis pluvitu 





Inspct+Micro- 

Crustacea 

Oneorhynckus nerka 
Oneorhynehut mason 
GnafhopoMon eaemlpseens 
Sarcochetltchlkya variegutvs 





In«tect+Micro- 

Crustaeea+Mud 

Misgumus anguiUicaudaius 
Cobitis biwae 





Micro<Crustacea 


Co'lia mirsftut 
Salangichthys 
microdon 


Clupra pallam ' 

Hemirhampus 
sajori 

Aiherina bleekeri 
Atherina tsumgae 
Scomber japonicus 

! 

Micro-Crustacea+ 
Larval fish 




Etrumeus micropus 
Oneorhynchus 
nerka 

Oncorkyuchus 

masou 

Sphyraena pinguis 

Trachurus 
japonicus 
Sebastodes msrmts 
Sebaatieus 
marmoratus 
Pterogobius 
elapoidtts 

Micro>Crustaeea+ 

PolyehaHta 






Micro-Crustacea-^- 

Gastropoda+ 

Po’ychafta 






Pdychaeta+Diatom 






Micro-Crustacea+ 
Fish, etc. 

Parasilarus asoius 




Astrocangcr 

myriasier 

Alloeonaor 

anagoidcs 

Gymnoihora*. 

ludako 

Fish (adult, larvae) 




Athlenna 

anastomdla 

Deeapterus 

mufoadsi 

Bottom fish 

1 


1 



Deep-sea fish, etc. 






Lantern 6^ 
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47 


region 

Among Heeds 

Bottom 

Oceanic region Deep-sea region 

layer | Around rock; Middle layer j Around rock 


j 1 1 


• 1 : ' 


! ; ' 

I i I 

.— - - >• 

- - -- i--— 

Traehurua 
japonicus ' 

Dpcapterus 

muroadat | ^ 

, 1 ' 

- - 

! 

Syngnalhus 

schlegeli 

Hippocampus 

coronatus 

Acanthocepola krusemteiw 
l*odothccus actpcnscrtnua 
Ammodytes pcruonatus 

Arctoacopus japofucus 
Apofion Uneatus 

Apoyon armihneatus 

Upt>neus bensusi 

ifasiscopelus 

apinnsus 

Trachtrpierus 

ins 

Therayra 

; chaleogramma 

Ftsiulana 
pctimba 
Alectis ciUaris 

1.. * "■ 

(’ypstlurus j 

ayao ' 

s 


Cololahis naira j ^ 


Muraenesox cmereua 

Enadria^i 

nebulosus 

Pterophryne 

histrio 

Zoua japomctts 

Trichurus haufnelia 

KatsHUfonua i ! 

oagann ; ' 

Thunnidae Hrama ran 

Sawara niphonia 

Xiphias fdadiua ! _ 

1 


Nibea mitaukuri^ ; 

Niitea argcntota \ 

Lptdla phycis 

I^phius litulim 1 



! j Scnmhrcps 

boopa 


Heryx 

.^plendms 
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Fish-h(’uftli»-hsh 


I^ntom fi*sh*f- 
i‘utt1e-fish+ 
Cnistncp.i 


Jrliv fish 

Small animal 
of Wach _ 

Hock-sIatcr+Own 
young, etc 


Seriola 

qmnquin'aiUata 


i 


' 1 StromateoidfiK ! 

arfcentexm . 

;_ J Psvnnpats aftow a/aj 

I Pertophthalmus 
( j eantonensia I 

I Chas- ; I 

J m irthy s't _ 



Hottoni-hviiif! 
ri'eatui f“ 


< 'aprelta'j-^ottom- 
_livmg tTCotun* 

Bottom-living 


Plotosus 

anfimllriris 


Vanous creolwrt*'- 
around lorU 


Various kinds of 
vegetable and 
animal matters 


Triholodon hakontmsis 
Carasssus auratus 
Cyprinus carpio 
ArtfiutUa japontra 


Dead animal+Mudj 

Dropped food of T 
large* fish » 


Triholod m 


hakonensis 
Anguilla foponicua^ 




Oplegnaihua 
fasdahts 
I (fplegnathus 
punctaius 
, f*aeutloblennw\ 
perrmdea 
, Monacanthuif 
ctrrhtfer 

! Kptnrphelus 

sept etnfa act atu s 
' Sparidae 
, 'Totraodontidar 


in the cases of Ijeiognathus nuclmlis, Sillaginidae, and others; some have 
their mouths in lower part of the heads instead of terminal part as seen in 
the cases of Platycephalidae, Podothecus, Triglidae, etc. or others; some like 
Pleuronectidae, have larger cleft of mouth on the side where eyes lack, and 
also well developed teeth ; and finally, some have, for instance, Upeneus bensasi, 
Lotella phycis, barbels about their mouths, with which they are able to feel 
the whereabouts of food by touching, 
d. Oceanic region. 

In the region, food is far less than the region mentioned above, except 
the rocky bottom. Especially in the upper and middle layers, sardines, a 
few other fishes or a school of cuttle-fishes live scattered only; consequently 
the fishes living in the region, particularly the fishes migrating in the upper 
layer, have few chances to find their food; thus they are forced to have im¬ 
mense swimming power, with which they migrate to distant places, and the 
best examples are Makaira mitsukurii^ Xiphias ghdim^ Katsuuoonus vaganSy 
Thunnidae etc. The writer has found in the present study that these fishes 
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Mahaira 

mUtukurtt 

Coryphaena 

hippurus 

Stereolepts 

tschinagi 






Sehastodes 

I fiammeu> 

1 Spbaatodes 
matsuharae 
Sehastodes 
tracundus 
Sfihaaiodes 
haram*>nukt‘ 



Mola mot a 













Therapon 

oxyrhynchux 

\ 

Ijetognaihus nuchalis 
Hapalogeni/s mwrnnaiuft 
ConttMittut ganaiw 
Monacanthu* cirrhtfer 
Areuana aculeata 

Immtcus japontcus 
Hexagrammoa otaku 
Agramntus agrammus 
PlaiyeephaluM indictut 
Lepidotrigla mtcrnptera 
FieujronectiJar 


Hranehio- 

ategua 

japonicu.a 

Cadus 

, marrocrphaliis 

Diirtma 
iemtninckt ^ 





1 

- - ■ 1 

i 

Katauusonua 

- - ' 

1 

1 



vagans 

Thunnidae 

Xtphaaa 

gludius 

Cant hider mss 
rtdufdaiua ' 


i 

ffalichaerea piM'citopigrm 
Piitudalahrua taPomcu$ 




1 1 
i 

Trypavrhfn j 

1 

. 


I : 


Eehenets 

hrachyptera 




live in the vicinity of rocky bottoms for a certain duration of time feeding on 
the fishes roundabout or Crustacea, but when a time comes they begin to 
migrate to and fro in the upper layer covering a long distance. At this 
juncture they change their food from those mentioned above to sardines or 
cuttle-fishes. 

Besides, planktonic Crustacea or Gastropoda are eaten by Cypsilurus aguo : 
flying-fishes, cuttle-fishes, or sometimes even Lepas attached to floating lumbers, 
by Coryphaena hippurus; and jelly-fishes, by Mola ; Crustacea living rocky 
bottoms, by Branchiostegus japonicus exclusively, 
e. Deep-sea region. 

Owing to insufficient material at present the knowledge of the habits of 
the deep-sea fishes are exceedingly meagre, but it seems, so far at present, that 
most of them live near the bottom in the deep-sea and they come up at 
night towards the surface doing vertical migration. The reason why they do 
so is presumably due to the fact that small crustaceans, the staple food for 
Myctophidae for instance, stay in the deep in the daytime and comes up near 
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the surface in the night, accordingly deep-sea fishes migrate vertically in the 
deep-sea. 

At the present research it is presumed that the usual food for Beryx 
splendens, Scombrops boops and Scorpaenidae is Myctophidae, therefore the 
vertical migration of Myctophidae will induce the vertical migration of those 
fishes mentioned above. 

Gadus macrocephalus living on comparatively shallow bottom is a typical 
voracious fish devouring all kinds of bottom-fishes, macro-crustaceans, Polychaeta, 
or shell fishes, etc. On the contrary Theragra rhalcogramma living always in 
the middle layer rather than the bottom, prefers micro-crustaceans. 

2. Miscellaneous Notes. 

The above-mentioned is a general view of the usual food of fishes; but 
the feeding habits quite differ in accordance with locality, season, age or sexes, 
especially a remarkable differentiation is effected by age, young or old. 1 
will show some few examples: Siganus fuscesceiis, typically a herbivorous 
fish, lives on micro-crustaceans in the young stage; and Plrcoglossvs altivelis 
that eats particularly diatoms or blue-algae in rivers in th(' adult begins 
to feed vigorously on copepods in the young stage in the sea. Thus almost 
all fishes show more or less the transition of food with age. For the said 
occurrence 1 have called th<‘ attention in my preliminary report published in 
1935 to the point that “ the feeding habits of the adult character are begun 
when every organ of the digestive sy.stem has been completed." 

Another important item in regard to the feeding habits is a fact that 
some fishes fast during the winter season; the examples are showm by many 
fresh-water fishes and Halichoeres poecihvptervs, Periophthalmus cantonensisj 
Bolefrphthalmus pectinirostris, etc. Again some fishes fast during their spawn¬ 
ing season, for instance, some of Salmonoid fishes, Upeiwvs bensasi^ Biirenm 
temmincki, etc. 


Conclusion 

tlacobshagen (1913), who spent 6 years to make a morphological study 
of the stomach, intestine and pyloric appendages of some 100 species of fish¬ 
es found in European waters, stated frankly in the concluding part of his paper 
that the result of his research was not so much interesting as he had expect¬ 
ed. 1 have too just similar feeling after studying the digestive system and 
feeding habits of some 150 species of Japanese fishes, yet, in my case by 

following a special procedure for my own research, I was able to obtain some 

interesting and positive results. 

In order to explain the conclusion as concisely as possible, 1 prepared 
Table 48, picking up only those fishes which have distinctive characteristics. 

In the table, signs A, a, B, b, etc. are simply for convenience's sake, 

and where capital and small types of the same letter are used for indicating 

opposite charactersfor instance, large mouth is shown by capital letter A, 
whereas small mouth by small letter a, and so on, and i--n indicates the 
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opposite characters of 1, J, K, L, M and N, meaning that the jaw-teeth are 
wanting or only rudimentary. Letters with and without dashes (') show the 
difference in character; for example, A indicates fish with large mouth which 
is used for taking large size food, while A' indicates that with equally large 
mouth which, however, is used for taking large quantity of food ; V indicates 
fish with developed pharyngeal teeth which is used for grinding hard food, 
whereas P' indicates that which is used for cutting such food as jelly-fish into 
small pieces. 

1) Fishes like Thunnidae, Katsuwonidae, etc. which swallow their food 
whole are given great swimming power (V) and developed stomach (R) to 
take in a large quantity of food within a short time. Thus, the feeding habits 
of those fishes may be determined by V + R. 

2) Fishes like Muraemsox cinereusy Trichiurus haumela, etc. which do not 
have such great swimming power as those mentioned above, have developed 
jaw-teeth (1) so as to enable them to hold their food once they get, which 
fact has a close connection wnth their feeding habits. In the case of Engraulis 
japonicus, a diatom feeder, there are several factors, A' + i--n-f Q-fS. Thus, 
the feeding habits may be in some cases be explained by a single organ or 
a few organs, and sometimes necessarily by several organs of the digestive 
system combined. 

3) Among the fishes which find their food in muddy bottom, such as 
Trigridae, Mullidae, Cobitidae, etc. have a mouth directed downwards (b), 
while I^iognathus nuchalisy etc. have a protrusile jaws (D), and Pleuronectinae 
or Cynoglossidae a bilaterally asymmetrical mouth (C). Among the fishes 
which po.sse.ss the habits of biting off the hard food on rocks, such as Plecto- 
gnathi and I^ptoscarus japonictis have developed incisor-like teeth (K), while 
Oplegnathus fasciafus have soldered teeth (L). 

1) In some cases the digestive organ shows much the sign of develop¬ 
mental features in accordance with the phylogeny of the species. Among 
others, Cyprinus carpio^ a fish of Cyprinidae, is an example. As fishes of 
Cyprinidae are those devoid of stomach phylogenically, the fish does not 
possess the stomach no matter how it may be useful, and instead has specially 
developed pharyngeal teeth. 

5) By far the most fishes possess digestive organs showing good adapta¬ 
tion to the mode of feeding. For instance, plankton-feeders, such as Engraulis 
japonicus, Clupanodon punctatus and Sardinia mdanosticta, are furnished with 
specially fine and closely set gill-rakers for sieving and highly developed 
pyloric part of stomach for digesting of their food, the diatoms. 

6) The digestive system of adult fishes is constructed as being in accor¬ 
dance with their phylogeny on one hand and much depending on the food 
and feeding habits on the other. So, the relation between the digestive system 
and feeding habits exists insofar as the phylogeny of its possessor allows its 
modification and differentiation for the adaptation to the feeding. Therefore, 
fishes which have the same feeding habits do not necessarily show the same 
constmction of digestive system, which fact is the reason why the feeding 
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48 


♦ Herbivora 



Feeds principally 
on algae 
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habits of fishes cannot always be explained by the feature of any single organ, 
and in some cases many characters combined should be taken into considera¬ 
tion for the elucidation of the feeding habits. 
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Explanation of Plates 

Plate I 

Various kinds of jaw teeth. 

Degenerated teeth of Seriola tiutnqueradiata. 
Sharp teeth of Trichiurus haumela, 

'I'he same of Scombrops boops. 

The same of Athlennes anastomella. 

Hinged teeth of Lophius litulon. 

The same of Gadus macroccphalus. 

Stout teeth of P$eudolabrus japonicus. 

Soldered teeth of Oplegnathm fasciatus. 

The same of Leptoscarus japonums. 

Incisor-like teeth of Mnnacanthus cirrhtfer. 

Molar teeth of Pagrosomus major 
Tricuspid vomerine teeth of Muraenesox cinereus. 
Teeth on palatine of Dinogunellus grigorjewi, 
Comh-like jaw-teeth of Plecoglossus altivelis. 

Plate II 
Pharyngeal teeth. 

Ditrema temmincki, 

Pagrosomus major. 

Leptoscarus japonicus. 

Mala mda. 
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Plate III 

Various kinds of tongues. 

Triangular tongue of Sillago sihama. 

The same of Pseudohlennius percoides, 

Trianguloid tongue of Apogpn lineatus^ 

The same of Clupea palfasi. 

Serai-elliptic tongue of Gadus macrocephalus. 

The same of Sebastiscus inermis, 

R«*ctangu1ar tongue of Nihea mitsukurii. 

The same of Cololahis saira. 

Long stretched tongue of Fistularia petimba. 

Rimmed tongue of Plecoglossus altivelia. 

Racket-form tongue of Astraconger myriaster. 
Pyramidal tongue of Spams swinkonis. 

Square-fan-form tongue of Platycephalus indicus. 

Soft tongue of Pterophryne histrio. 

The same of Zeus japonicus. 

Toothed tongue of Coryphaena hippums. 

Lateial view of tongue of Cololahis satra. 

Plate IV 

Various kinds of gill-rakers. 

Degcmerated gill-rakers of Anguilla japonica. 
Rudimentary gill-rakers of Misgurnus anguillicaudatus. 
Parasilurus asotus. 

Monacanthus cirrhifer, 

Hexagrammos ntakii. 

Sillago sihama, 

Epinephelus septemfasciatus. 

Branchiostegus japonicus, 

Oncorhynchus keta. , 

Seriola quinquerodiata. 

Clupea paVassiu 

Fine gill-rakers of Clupanotion punctatus. 

Uranascopus japonicus. 

Inimtcus japonicus. 

Zeus japonicus. 

Soft gill-rakers of Boleophthalmus pectinirostris. 

Folked gill-rakers of Stganus fuscescens. 

Characteristic gill-rakers of Trichiurus hautnela. 

Plate V 

Various kinds of stomach. 

f-shape stomach of Salangichthys microdon. 

^rhe same of Trypauchen vagina microcephalus. 

The same of Sphaeroides vermicularis. 

Curved I-shape stomach of Parcdichthys olivaceus, 
U-shape stomach of Oncorhynchus keta, 

V-shape stomach of Pagrosomus major. 

The same of Hapalogenys mucronatus. 

The same of Siganus fuscescens, 

Y-shape stomach of Sardinia melanosticta, 

"{•shape stomach of Branchiostegus japonicus. 

The same of Sebastodes baramenuke. 

The same of Ammodytes personatus. 
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Plate VI 

Various kinds of gastric mucous membrane. 

Sardinia melanosticta: cardiac part of stomach. 

Ibid.: blind sac. 

Ibid.: pyloric part. 

Branchiostegus japanicus. 

Etrumeus micropus. 

Hypomesus olidus. 

Sillago sthama. 

Karpius hicnloratus. 


Plate VI1 

Various kinds of gastric mucous membrane^ continued. 

Sebastodes matsuharae. 

Trichimus haumela. 

Misgumus anguillicaudatus. 

Anguilla japonica^ 

Gadus macrocephalus. 

Pagxosomus major. 

Clupea pallasii. 

Lepidotrigla microptera. 


Plate Vlll 

Diagrammatic illustration of intestinal winding. The type varies 
according to length of intestine and size of peritoneal cavity. 

Syngnatkus schlegeli. 

Nihea mitsukurii. 

C'ongridae. 

Ammodytes i^erstmatus. 

Encdrias nelnilosus. 

Atherina hleekeri. 

Thunnidae. 

Platycephalus indicus. 

Scomber japonicus. 

Sardinta melanosticta. 

Branchiostegus japonicus. 

Hippocampus comatus. 

Epinephelus septemfasciatus. 

Engraulis japonicus. 

Cyprinus carpio. 

Kareius bicoloratus. 

Monacanthus cirrhifer. 

Siganus fuscescens. 

Leiognathus nuchalis. 

Aplockeilus Icdipes. 

Xiphias /dadius. 

Boleophthalmus pectinirostris. 

StronuUeoidea argenieus. 

Girella punctata.. 

Mala mala. 

Carasaius auratus. 

Mugil cephalua. 
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Plate IX 

Various kinds of intestinal mucous membrane. 

Miagumus anguillicaudatus. 

Nibea mitsukuriu 
Gadus macrocephcdus. 

Scomber japonicus, 

Carassius auratus, 

Ditrema temmincki, 

Scombrops bartps. 

Clupea pallasii. 


Plate X 

Various kinds of intestinal mucous membrane, continued. 

Oncorhynchus keta. Lower part of middle intestine. 
Plecoglossus alHvelis, 

Fistularia petimba, 

Cyprinus carpio. 

Gymnothorax kidako. 

Trichiurus haumtdfi* 

Stereolepis ischinagi, 

Oncorhynchus keta. Middle part of intestine. 

Plate XI 

Various kinds of intestinal mucous membrane, continued. 

Anguilla japonica, 

Goniistius zonatus„ 

Lateolabrax japonitms^ 

Pagrosomus major, 

Astroconger myriaster. 

Cololabis saira, 

Echeneis brachyptera, 

Seriola fiuinqueradiata, 

Plate XII 

Various kinds of intestinal mucous membrane, continued. 

Cypsilurus agoo, 

Mugil cephalus, 

Branchiostegus japonicus, 

Sphaeroides vermicularis, 

Girella punctata, 

Kareius bicoloratus. 

Sebastiscus marmoratus, 

Lottela phycis. 


Plate XIII 

Specially long or short pyloric appendages. 

Decapterus muroadii, 

Beryx splendens„ 

Branchiostegus japonicus, 

Pagrosomus majoTm 
Girella punctata* 
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Fig. 6. Ammodytes personatus. 

Fig. 7. Trachypterus iris. 

Plate XIV 

Characteristic pyloric appendages 

Fig. 1. Brama rati. 

Fig. 2. Saurida undosquamib. 

Fig. 3. Psenopsis anomala. 

Fig. 4. Satoara nipkania 
Fig. 5. Xiphtas gladius. 

Plate XV 

Variou.s kinds of gall-bladder 

Fig. 1. Parabchthys alivaceus. 

Fig. 2. Sphaeroides vcrmfcularts. 

Fig. 3. Lophius littdon. 

Fig, 4. Beryx splend&ns. 

Fig. 5. Scombrops hoops. 

Fig. 6. Vranosctfpus japomcus. 


Corref’tion: B; Jaw teeth in Fig, 106 on p. 165, should 1 h 
B, Pharvngeal teeth. 
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Introduction 

The prawn, Penaeus japonicus^ being one of the most important crustaceans 
from fisheries’ point of view in Japan, has been studied by some scholars in 
our country. The pond-culture of it has recently developed as a profitable 
industry and its future scope is quite promissing. Thus, the need of further 
study of the prawn is increasing. 

In June 1934, the writer succeeded to let the parent prawns to spawn 
in the laboratory, and reared their larvae throughout the metamorphosis from 
hatching to the mysis stage. Since (hen he has devoted himself to the study 
of the prawn, the main object of his efforts being to obtain the best method 
of artificial and large-scale culture of it. During the two years, 1934* and 1935, 
die experiments were carried out on the coast of Amakusa, Kyusyu, and later 
in the Inland Sea on the coast of Yamaguti Prefecture. 

As previously stated (1935), this prawn is hardy and its larvae in their 
nauplius stage are not difficult to keep alive, but upon reaching the zoea stage 
they become weak and numbers of them die. As the result only a few larvae 
attain the mysis stage passing through die zoea. The larvae in the mysSis 
stagft however^ are much stronger than in the zoea stage and can easily be 
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kept alive for a on^ time. Aftei the mysis si age the post larvae become much 
more stronger rendering their handling much easier and simpler Therefore, 
in the culture of this prawn, and especially to raise wanted number of the 
young the most important matter is to rear them successfulK in the /oea 
stage 

In the summer ot 1938, the writer succeeded loi the lust time m rearing 
a rather large number to pass safely into mysis, and in the summer of 1939 
he obtained bettei lesuUs than in the prueding \ear He repeated the ixperi 
ments in the summer of 1910, and at this time a considerable number of l.iivae 
metamorphosed into mysis, fiom which they grew furthei, as just stated into 
post larvae and eventually attained the adult prawns The larvae that hatr hed 
from the eggs in June 1910 grew b> the reanng in Octobei of the s^amt >tai 
as large as from 8 to 10 cm m bodv length, thus large enough for disposd 
in the market 

Concuricntly with the studies m the artihdal (ultuie ol the prawn the 
writer studied the copulation, spawning habits fertilization, eU , m continuation 
of the work already published in 19i> In the piosent paper expeTimenlal 
studies since 1935 regaidmg the reproduction, the development and the methods 
of rearing the larvae and the culture of post larval stage are described 

Recently, two reports on the study of Peneidae wej< published, the one 
by Pearson (t939) and the other by Heldt 0939) The former deals with six 
species found on tin coast of the Bay of Mexico in the Atlantic Ocean, and 
the latter five species found on the coast of Tunis m the Mediteiranean Sea 
The wnter will not dwell here on the history of the study of Peneidae, which 
was begun by Muller 0863) and Claus (1876), as it was fully reviewed by 
Heldt (1939) 

Before procc eding further, the writei wishes to lecord here his great 
indebtedness to Prof Ikusaku Amemiva of the Tok\o Imperial University, who 
gave constant guidance and good advice and also has kindlv leul over the 
manuscript He is also much gratc'ful to the Dirc'ctor of our Laboratory Mt 
Hirosi Nagatomo and Mr. Tosio Kuinada, both ol who^e encouragement and 
valuable suggestion for the study were incalculable Thanks are also due to 
Assistant Prof Yosiyuki Matue for the culture method f>f diatoms which weie 
used foi food of larvae in their rearing and also to Assistant Pi of Yasuo 
Ohsima for many valuable infoimations FinalK, the writer expresses his grati¬ 
tude to Messrs Masdo Kondo Asakiti Yamaoka, Kasio Ohta, Haruhiko Iiiye, 
Noboru KdSdhara, Zennojvo Osio ind Ka/uo Obana, all ol whom gave kind 
assistance for the study 


I Material and Method 

The laboratory is situated at the prawn fishing center of the Inland Sea, 
the lishmg grounds being from two to live miles off the coast. To secure the 
spawning prawns was a simple matter as we could obtain them directly from 
the fishermen on the spot by iowing out to the hshmg ground every morning 



DEVELOPMENT AND REARING OF PENAEUS JAPONICUS 


307 


The research material, consisting of eggs and larvae, were all reared in 
the laboratory, those obtained out at sea being used merely for comparing 
them with those artificially reared. 

In order to know the number of exuviation ( xactly each material was 
kept in a separate jar. 

For fixing the ovar>% Bouin’s solution was used, and for staining haema- 
toxylin and eosin method gave good result. 

The method of rearing the larva at each stage of its life cycle will be 
described as we proceed. 


II. Reproduction 

i. Copulatory Organs 

The copulatory organs of P. japtmicus are petasma in the case of the 
male, and theivcum in that of the female. These organs have attracted the 
attention of /.oologists from sometime past. Bate (IK88) and Kishinouye (1896, 
1898, 1900) published del .riled reports of them. Although regarding the 
subject of petasma nothing furl her more is necessary, th(‘re is still some room 
for studies of the thelycum. 

Although Kishinouye (1898' noted the presence of spermatophores in 
thf^lycum, the writer could not confirm it. As will he seen from PI. XVI. Fig. 
A, the thelycum of this prawn may appear to a casual ()f>server as having 
only a single wall something like a sack. Upon removing the ventral wall, 
however, it is found that the dor.sal wall of the thelycum is not simple, but 
divided into two lateral halves and joined in the middle line. Besides, as 
shown in PI, XVI, Fig. B. there is a hole in the dorsal wall of the thelycum. 
And the real seminal receptacle is a small <leprcssion in the body wall behind 
the thelycum (PI. XVI, Fig. C). This receptacle is a blind cavity possessing a 
very thin membrane, a part of which is the dorsal wall of the thelycum said 
just above. This cavity can l)e clearly made out after a female has received 
spermatophores from a male by copulation. Plate XVII, Fig. A shows the 
stopper inserted deep into the thelycum, and Fig. B reveals that the spermato¬ 
phores joined to the lower end of the stopper are not in the thelycum, but 
in the cavity, as viewed laterally. Fig. C shows the cavity containing spermato¬ 
phores as viewed from the ventral side. 

ii. Mating Habits 

Very few writings on the copulation of Peneidae could be found. Palombi’s 
report (1939) on the same subject in connection with Etmcyonia carinata is 
the only one that the writer is aware of. For observing the mating habits of 
this prawn in the summer of 1940 a concrete tank, 18 x 18 x 1 m, was prepared 
in the breeding-pond. An opening was made in the tank to enable the sea¬ 
water to flow freely in and out of it according to the tides. Tw^mty pairs of 
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fully grown prawns, from 18 to 20 cm, were placed in the tank. Observations 
were continuously made every night, the writer standing in the middle of the 
tank. Since the prawns hide themselves in the sand and rarely come out during 
the day, naturally copulation does not take place in the daytime. They prefer 
to hide themselves underneath the sand, should artificial light be too bright, 
thus necessitating a weak flash-light in order to observe its mating habits in 
the night. During a period of two months from the middle of July to the 
middle of September the writer succeeded in witnessing copulation five times. 
The details are as follovis. 

The five copulations observed all occurred between the hours of from 0 
a. m. to 3 a. m. Copulation was not able to be observed at any other time. 

Copulation, as usually seen among other crustaceans, occurs between a 
hard male and a soft f<'male, that is to say, it is performed soon after the 
female's exuviation, previous to which the male follows the female. During 
this period they do not swim about, but creep about at the bottom of the 
water. When the male is following the female it appears as if the former 
catches hold of the latter’s teKon bv means of its chelae. The time spent in 
the pursuit was difficult to record, as observation was possible only sometime 
after the pursuit had begun, and so far as in the accessible cases the longest 
was 7 minutes and the shortest 3 minutes. I'he writer never saw more than 
one male followed a female; always one male pursued one female. Once the 
pursuit begins, the dim light of the flash-light does not di''turb them from 
copulation. The female exuviates while being pursued by th(' male. At the* 
instant of exuviating, the female lays her body sideways and jumps about in 

the water, bending her body ventrad, when the male advances to the sidp of 

the female and embraces her on her ventral side. The pair, by keeping their 
ventral sides attached, swim with their bodies inclined. Plate XVIII, Figs. 2 
and 3 are pictures of the pair as they were taken out of the sea-water and 
placed in the posture of the copulatory act. Fig. 2 shows the pursuit and Fig. 
3 the process of copulation. The time required for copulation is usually 3 or 
A minutes. It is believed that during the time the pair are embracing each 

other, while the male by means of the petasma ejects the spermatophon's 

protruded from the ba.ses of the 5th pereiopods of the male. Spermatophores 
reach the seminal receptacle through the thelycum. According to Palombi 
(1939), a male Eusicyonia carinata behaves previous to copulation in such 
manner as to sexually stimulate a female. Such intricate behaviour, .so to 
speak the courtship, howevcT, could not be observed in the case of P. japonictis. 
After Palombi in the case of Eusicyonia carinata, the male is not satisfied 
with a single copulation; some of them copulate with as many as from 15 to 
20 females in succession. On the other hand, the male of P. japonicus is unable 
to copulate twice in thi^ same night, because the spermatophores it posses.sed 
have already been deposited in the one female. 

After copulation male and female separate taking no further notice of 
each other. According to Herrick's observations (1911) in the American 
lobster, the pair continues to share the same hiding-place after having once 
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copulated. From Ohsima’s observation (1938) on Portunus tritub{*rcuhitm, 
the male of the crab continues to protect the female until the* lattt'r s soft 
shell liardens following? copulation, which, however, is not the case with P. 
japonictis. 

According to the report of Ohsima (1938) the females of Portunus tri- 
tuberculotus after having once copulated usually do not repeat the act until 
next spawning, keeping the spermatophores for a long while in the seminal 
receptacles for the next spawning season. In the case of P japonkus, how¬ 
ever, with repeated moults during the summcr-tim(‘, the females cast off the old 
shells together with th(‘ spermatophores at each moult, and llu' soft females 
receive new spermatophores from the males by each copulation. Flate XIX, 
Figs. T) and show an old shell to which a stopper and spermatophores adhere. 
Th<» wriUr bred a female and a male that had copulated in tlu* concrete tank 
in order to ascertain wliethcr or not the old shell is shed with the stopper 
and spermatophores at (*verv moult. The female^ that moulted and copulated 
on August 2. 1910, again moulted and copulated on August 22. riie same 
female moulted and eopulated for the third time on S('plember 15, on which 
occasion iht* writ<T oh.served that the stopper and the spermatophores were 
cast again with th(‘ old shell. Similar exp^^riments with other [iraw^ns on several 
occasions gave the saint' result. Thus, it goes without saying that in I'ach 
moulting the old shell is shed and thrown away together w^ith the stopper and 
llu* spermatophores. 

A (|uestion tiuit arose in tlie writer’s mind w^as, how are thes(‘ things 
actually performed in the open sea ? (Vipuiation in an artificial tank in w’^hich 
the prawns are hrc'd is easily performed as there is a male in the vicinity w'hen 
a female moults, but at tlie bottom of the open sea it may not alnays be 
possible for the partnc'rs to he within reach of each other. Naturally there 
may be cases where a female might moult and not copulate. In order to 
answer this question, he proceeded to a fishing ground in August, IfMO, and 
collected soft-sheiled females from the fishermen ami examined them. 1’he 
result was that, out of 1 124 soft-shelled females there were onl\ 7 that had 
not copulated, lliat is, thos<* that had not copulated did not exceed 0.5 '^ y of 
the total. From this result it is possible to say that copulation take‘^ place 
after each moult in the open sea as elsewhere. 

iii. Orarian Egg 

By sectioning an immature ovary it is found that tlu* egg is covered with 
a layer of follicle-cells, and that there are 2 or 3 nucleoli (Fig. I, A : Fi. XIX, 
Fig. 1). An example of crustacean eggs covered wdth follicle-colls is descrihc'd 
in the report of Ishikawa (1885) on Atyephira cnmfmssa. while Herrick (IV)II) 
has made a similar statement regarding the American lobstt'r. TIk' difference 
between those eggs and that of P. japonkus lies in the inci that the egg of 
the latter has no real vitelline membrane. The egg grows gradually by ab¬ 
sorbing the follicle-cells, as a consequence of which they become smaller (Fig. 
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1, B; n, XIX, Fig. 2). It was found on sectioning a full> matured ovary that 
the follicle-cells are almost absorbed by the egg, now looking like a thin 
membrane, while the nucleoli become still smaller and their number increases 
(Fig. 1, C; PI. XIX, Fig. 3). According to Herrick in the American lobster, 
the follicle-cells after being absorbed become a cortical layer. In I\ japtmicus 
it c<\n scarcely be called a cortical layer, for when the egg is extruded in the 
sea water, it is not covered by this cortical layer but is naked. 
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Fig 1. Section through ovarian egg A Young ovarian egg; B. Slightly developed 
ovarian egg, C Almost ripen ovarian egg. /c, follicle cell; js, jell> like substance 


When the follicle-cells have almost been absorbed, certain substance is 
formed in the cytoplasm near the surface within the egg (Fig. 1, C; PI. XIX, 
Fig. 3). This substance which stains with eosin is unaffected by haomatoxylin. 
As soon as the egg is laid in the sea-water, it secretes egg-jelly around it and 
the said substance disappears, whence it is conceivable that the jt^lly-like sub¬ 
stance is present condensed in the interior of the egg. Although the existence 
of this substance cannot be known upon crushing the egg on the slide-glass 
before the melting of the germinal vesicle, it can be seen after its melting 
prior to the extrusion of the egg (PI. XIX, Fig. 4). This explains the fact 
that the substance, which is liquid in the beginning, changes into a semi-solid 
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with the melting of the germinal vesicle; in other words, there occurs a change 
in its nature. 

Something resembling this substance is found in the polyclad egg. Ac¬ 
cording to Kato (1940) in regard to the polyclad egg, numerous granules ap¬ 
pear in the cytoplasm of an ovarian egg after the germinal vesicle has melted. 
Eosin stains this granule. The granules which form one or two layers move 
close to the surface in the uterine egg and grow dense near the surface. When 
the spawning time approaches and the eggs pass through the vagina, these 
minute granules cohere and form a layer. This layer, which separates from 
the egg soon after it is spawned, expands by mixing with the water and 
changes Into an egg-shell. 


iv. Oviposition 

1'he spawning season along the coast of Yamaguti Preft'cture of the Inland 
Sea begins at about the middle of May and lasts till the end of September. 
'Ihe high season is between the middle of June and the end of August We 
find, however, that during from the middle of April 1o October some of the 
females have well-matured ovaries. It is difficult 1o obtain matured prawns 
during the rainy season in Japan, that is, from the middle of June to the 
first H) days of July, as few fishermen then go out fishing. Although the 
number of {(‘males possessing full-grown ovaries is comparatively smaller in 
September than in Julv and August, there aie more opportunities of obtaining 
those with matured ovaries in September, which is the busiest season for prawn 
fishing. 
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Spawning takes place at night. The v^riler’s experiments in recording 
the time of spawning were carried out with 413 prawns during the years 1939 
and 1940 The result (see Table 1) shows that, during June and the first 
decade of July, the majority spawned in the hours from 8 p. m. to 12p. m„ 
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and that lhe> rarely spawned after midnij^ht. A great number of them spawned 
between midnight and 4am, rarel> doing so before midnight after the mid¬ 
dle decade of July. According to Heldt (1939), P, tnsvlcatuh spawns between 
8 30 p ra. and 10 30 p. m 

The prawns spawn while *^wimmmg very leisurely in the watei (Fig 2), 
Under ordinary conditions, the> never spawn at the bottom of the sea. On 
observing their spawning positions in a bieeding-pond about 3 feel deep, it is 
found that they spawned usually at a distance of J oi 2 ff et from the bottom 
of the water and sometimes the> approach dose to the surface. On occasions 
in which they are spawning, thev slightly bend down the body part posterioi 
to the 4th abdominal segment, then 5 pairs of pereiopod^ being tightly held 



I Iff 2 Spawning poslurt as U swims 

to the body and vigorously moving their 5 pairs of pleopods fonvard and 
backward, while quietly moving the tips of the last 3 pairs of pereiopods left 
and right Owing to the Uny whirlpools set ui) aiouad the pleopods by the 
forwaid movement of the body and the action of the pleopods, the flow of 
the spawned eggs, whuh are divided into light and left lx tween the 1st and 
the 3rd pairs of pleopods, are scattered behind and gradually sink to the bot¬ 
tom of the water, but as the eggs are only slightly h(d\ier than seawater, 
even a shglit movement oi the watei hinders then sinking 

Hetnre spawning, the prawns stay quieth on the bottom of the water, 
but when the time of spawning approaches, thty behave as if they were suf¬ 
fering from something by lax mg their bodies sidewise oi by bending the rear 
part of the abdomen although not all prawns behave in the similar manner. 
In the beginning of the act the eggs merely ooze out, but thev soon afterward 
gush out. The time required for one spawning is 3 or 4 minutes The number 
of eggs spawned differ with the size of the p.rawns, being approximately 
700,000 by a prawn 20 cm long. Heldt reported (1939) that the number of 
eggs of P. tnsulcatus is 800,000 when the spawning is ♦ incomplete, but from 
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1,000,000 to 1,200,000 when it is complete. 

It a prawn is touched with a pointed object in the mid^^t of spawning, it 
sinks to the bottom of the water while still continuing to spawn. At the bot¬ 
tom it keeps moving its 5 pairs of pleopods, the spawned eggs being scatteied 
at the 1st pair of pleopods as the result of the movement of the pleopods. 
If the prawn be touched again, it sometiims stops moving of its ph^opocK, 
although still sp«ivvning. When the pleopods Mop mo\ing, the si)awn(»d eggs, 
instead of being scatt<Te(l in all directions, are piled uj) lielow the spawning 
aperture, which condition disfigures the shape of the (*ggs. There is no doubt 
that these groups ol eggs do not hatch, whence comes the conclusion that in 
the spawning of this prawn it is of the utmost importance that the eggs shall 
be scattered in all directions and not Ik nllov\ed to pile up m heaps. 

As already d<\sciil)ed, P, japonicfis, when it licgins to spawm, continues 
to do so notw’ithstanfhng minor, external stimulation, although if the stimula¬ 
tion IS too stronv, it •sometimes slops spawning, m which i.ise the piawn may 
dt*scen(l to the bottom where, «ifkT an interval of 2 or 3 minutes, il resumes, 
spawning, 'fhcre are two wass of spawning in tlie latter <'ase; spawning while 
swimming about <ni(l sptiwning at the bottom In the prawn’s mtTclv moving 
its pleotiods. Should theie ha|)p(‘n to be the Japanes(‘killifMi [Oryz/as Intipes) 
or a small gohv in the \icinitv of a spawning prawn in the bieeding-pond, 
the discharg('d eggs ,4re devoured bv these fishes. 

When completing their spawning, the prawms lest at the bottom of the 
water an<l take food that is offered to tht»m ; ihev even eat their ()wn eggs 
if tlie> (hscover an> of them about. Th<' act of spawning does not seem to 
Wi»ak(m the prawns. Although in this statement the WTiter agn'es willi Heidi 
(1939/, but disagrees with the vlew^ of Wevmouth, Lindner and Anderson 

{ 1932), who all belie\(' that P, .sctiff^us dies immediate!} after spawning. What 

th(\\ probahlv mean b\ immediate death may not be that the animals me 
immediately after spawning, but tint they do so sometime following the spawn¬ 
ing, If the latter is th<‘ case, it is not difficult to prove it bv pointing to 

another jn-awn as the example, P. otieniaris, so abundant in th(» Yellow S(M 

and in the IVchili (mlf. In the prawm various facts seem t(» show tliat it 
does die sometime after the spawning. 

According to Hr'ldt 0^*59’, P. tnsulcafus spawns at the bottom of the 
water with its body bent at an angle of aliout 129 degrees and by moving only 
their 3 pairs of pereiopods, but from the writer's actual observations as described 
above, it is unusual for P, japontcus to spawn at the bottom of the water. 
Kvep if they do so, they vigorously move their pleopods and scatter the f‘ggs, 
causing at the same time small whirlpools around their liodies; othcrw’i‘'e the 
eggs w^ould be disfigured and would not hatch. Besid(\s P. jnponinfs, th(' 
writer has observed the spawning habits of Pvnaeopsis monocoos and of Penae- 
opsis affinis^ and has found that both of them spawn while swimming about 
in the water or vigorously moving their pleopods when spawning at the bottom 
of the water, or else their spawned eggs will not hatch. 
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V. The Egg immediatply after Extrusion 

The egg, which at the instant of extrusion is of an irregular sphere or 
oval form (FI. XX, Fig. 1), iinniefliately discharges radially the whitish, trans¬ 
lucent, jelly-like substance from within, as already described (11. XX, Fig. 2). 
Later, this substance separates from the egg (PI. XX, Fig. 3), after which it 
becomes elongated, but with secretion of egg-jelly around the egg it gradually 
becomes smaller and forms granules (PI. XX, Figs. 4, 5 and 6). The granules re¬ 
treat from the egg-surface gradually as far as the distance exceeds the diameter 
of the egg. At a water-temperature of 27“C, the granules disappear about 7 
minutes after spawning. The egg is, however, found to be covered with egg- 
jelly when the granules have disappeared. Being transparent the egg-jelly can 
be seen only by dropping ink on it. The transparent egg-jelly, which still 
remains after formation of the fertilij^ation membrane, disappears sometime 
before the first segmentation begins. In rar<‘ cases it still remains even after 
the first segmentation has completed. The writer found that the eggs of P. 
mowoceros also discharge similar jelK-like substance immediately after spawning 
as in the case of the eggs of P. japonicus. 

Although as already stated, the eggs assume an irregular form the moment 
they have extruded, the\ gradually become spherical w^hen all the jelly-like 
substance has been discharged (PI. XX, Figs. 1, 2, 3, A and 5); they become 
spherical 1.5 or 2 minutes after spawning. The size of the egg immediately 
after spawning is very large, because it contains the jelly-like substance, after 
discharge of which the size of the egg diminishes. Picking up 20 eggs of 
comparatively regular form immediately after spawning and before discharge 
of the jelly-like substance, the average of the long axis was found to be 0.32 
mm and that of the short axis 0.29 mm, and its volume 0.01 I mm'. I'he 
average diam(*ter of 20 eggs that had become spherical after discharge of the 
jelly-like substance was found to be 0,24 mm and the volume 0.007 mm', 
which is a reduction of 50 percent. The volume reduced equals that of the 
jellv-like substance retained in the egg. 

VI. Fertilization 

When the ovary is fully matured and as soon as the germinal vesicle of 
the egg within the ovary melts, spawning begins. At the time of spawning 
the spermatozoa within the spermatophore which is in the seminal rec(*ptacle, 
are discharged into the sea-water through a pair of very tiny apertures located 
at the-base of the 4th pereiopods of the female (Fig. 3). 

The structure of the spermatozoon is quit(' simple consisting of a head 
which is the main part and a short tail that is attached to it tFig. 4). The 
diameter of the head is r).0-5.3/^, which is equal to the length of the tail. 

The apertures of receptacle through which the spermatozoa pass are so 
small that it is impossible to see them with the naked eyes. In order to locate 
these apertures, the writer used a raicropipette, and after satisfying himself 
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that spermatozoa had been sucked into the pipettes he probed about with a 
microneedle in order to locate the minute apertures 

As the eggs are discharged at the bases of the 3id pc'ieiopods and 
the spermatozoa are disehaiged from somewhat below the bases of the 1th 
peieiopocls, the two come into contact with each other as ^oon as theN are 
discharged in the seawater 




Fig. 'A. 'rhelycum, uiiper half cut away, vontra! 
view. Pr-3, Pr‘4 and P/-5, ilrci, 4th and 5th perei- 
opods: small aperture through which .spec- 

matozoa issue; vu\ ventral wall. 


Under the microscope, an egg just spawned shows that the spermatozoa 
have not yet reached the surface of the egg remaining around the jelly-like 
substance extruded by it. ,When the jelly-like substance has separated from 
the egg, the spermatozoa reach the c'gg surface within less than 1 minute 
after spawning. Since a spei'matozoon must penetrate the layer of jelly-like 
substance before it can reach the egg-surface, not many spermatozoa succeed 
in doing so. For more than 10 of them to reach the surface of one egg is 
a rarity. Most of the spermatozoa remain outside the jelly-like substance that 
surrounds the egg. According to Chambers (1923) on fertilization of the star¬ 
fish, as soon as tlie spermatozoa reach the egg-jelly there appear some fertiliza¬ 
tion cones at the corresponding spots on the egg-surface, from the tops of 
which fine fibres extend, and on reaching the spermatozoa they draw them in. 
The writer could not observe any phenomenon of the kind in P. japonicus. An 
entrance cone appears at the spot that comes into contact with the spermatozoon 
within 1.5 or 2 minutes after the spermatozoon reaches the egg. The number 
of these entrance cones corresponds with the number of spermatozoa which the 
egg-surface comes in contact with; that is to say, 3 cones for 3 spermatozoa 
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and 4 cones for 1 spermatozoa (PI. XXI). Sometimes the writer witnessed as 
many as 10 entrance cones appeared on a single egg. 

In order to simplify the matters, the writer will take the case in* which 
2 spermatozoa reached the egg-surface, and describe the way in which these 
spermatozoa entered the egg. The moment that 2 entrance cones begin to 
protrude from the egg-surface, 2 spermatozoa which wen‘ on the egg-surface 
leave th<‘ egg-surface staying on the tip of the entrance cones (PI. XXII, Figs, A 
and li). As they continue to protrude, the entrance cones assume a cylindrical 
form (PI. XXII, Fig. C). The cytoplasm enters these cylindrical entrance cones 
from below. The lower half of the cylindrical cones slightly bulge owing to 
intrusion of cytophism (PI. XXII, Fig. I)). The cvtoplasm that has entered an 
entrance cone, gradually goes up as far as the head of a spermatozoon (PL 
XXII, Fig. D). This upward movement of the cytoplasm in the two different 
entrance cones never occurs at the same time, one always reaching the head 
of a spermatozoon ahead of the other (PL XXII, Fig. 1)). The cytoplasm in 
the latter cone then slopj^ its iipuaid movement and suddenly withdraws down 
to the surf .ce of the egg \PL XXII, Fig. K). The two (mtrance cones then 
begin to shiink. The si/e of the entrance cone in which lhc» cxtoplasm n^iched 
the head of the spermatozoon does not change, but the cytoplasm that is in 
contact with the bead of the spi'rmato/oon gradually shrinks, when onc-half 
the head of the spermatozoon is then already insiik^ the entrance cone. When 
the spermatozoon appro jches the egg-suiface, the cvtoplasm diaw^s the sper¬ 
matozoon, as if sucking it into the egg (PL XXII, Figs. F, G and II.) and the 
spermatozoon goes in, tail and all. Since the color of the egg is dark brown, 
it is difficult to see the movement of the .spermatozoon within the egg. At 
the same time the entrance cone in which the cytoplasm has not reached the 
spermatozoon begins to shrink until it is mii<‘h smaller than the spermatozoon, 
after which it finally disajipears leaving the spermatozoon adhering to the egg- 
surface {VI XXII, Fig. Hj. 

The phenomenon described above is the same whether there are 3 or 
more spermat<>zoa. The cvtoplasm always reaches the head of the spermato¬ 
zoon in one entrance tone ahead of the others and drawing the spermatozoon 
into the egg and leaves the other spermatozoa onlv adhering to the egg-sur¬ 
face. The recorded lime between the beginning of the protrusion ot an 
entrance cone and its disappearance is 2 or 3 minutes. ’ 

According to the writ(T's observations on fertilization in P. monoceros and 
P. affinis, the number of entrance cones eijuals that of the spermatozoa that 
have reached the egg-surface m each instance with only one of the spermato- 
z/)on entering the egg as in P. japomeus. The difference between P. japonicus 
and the other two species just mentioned is that in the case of the last-named 
the spermatozoa entered each of the entrance cones and the cytoplasm reached 
the head of one spermatozoon ahead of the others, while the cytoplasm that 
was on its way to enter the other entrance cones instantly withdrew. The 
cytoplasm that has reached the spermatozoon retreats into the egg together 
with the spermatozoon, as if sucking it in. The entrance cone, however, does 
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not disappear, but separates from the egg surface the moment the spermato¬ 
zoon enters the egg. The other entrance cones together with the spermatozoa 
also separate from the egg-surface. It may be said in conclusion that should 
one spermatozoon succeed in entering the egg, the remaining spermatozoa are 
cast off from the egg-surface, entrance cones and all. 


vii. Maturation Division 

Owing to the dark-brown colour of the egg it is impossible to observe 
under the microscope the karyokinesis that occurs at the time of maturation 
division. The writer will now describe the formation of polar bodies that 
appear on the egg-surface. 

The 1st polar body begins to appear about 4 or 4.5 minutes after spawning, 
completely emerging from the egg-surface within 1 or 1.2n minutes. As a 
consequence the time when the spermatozoon enters the egg and that when 
the 1st polar body appears on the egg-surface almost coincide. In other words, 
the two change places. Although the spot on the egg-surface whence the 1st 
polar body appears is somewhat flat, it however resumes its former shape after 
the 1st polar body has completel\ appeared. Often the 1st polar body that 



Fig 5. Diagramatir illustration of appeamneo of ls| polar body. A l'\trusion of 1st 
polar body; D. 1st polar body is at a distance Irom egj<-surfare \ct connected by a 
protoplasmic thread; C I si polar body falls: on egp-surface 


appears on the egg-«!urface tries to leave the egg-surface, but fails in its attempt 
and drops on the egg-surface, because it is connected to the surface bv the 
protoplasmic thread (Fig. b. A, B and C). The 1st polar body may or mav 
not divide into two after it ha^ appeared. 

As described above, since the entry into the egg of the spermatozoon and 
the appearance of the 1st polar body coincide, the fertilization membrane is 
not yet formed at the time when the Jst polar body appears, so much so 
that the 1st polar body appears to be present upon the naked egg-surface [V\. 
XX, Fig. 6). The egg-surface, however, is actually protected by the layer of 
transparent egg-jelly. 

The 2nd polar body appears on the egg-surface after the fertilization 
membrane has become elevated, that is to say, the fertilization membrane lies 
between the 1st and the 2nd polar bodies (PI. XX, Fig. 7). 

As the fertilization membrane elevates after the 1st polar body has ap¬ 
peared and before the appearance of the 2nd polar body, it is necessary to 
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explain the formation of the fertilization membrane before describing the condi¬ 
tions under which the 2nd polar body appears. 

The fertilization membrane elevates about 11 or 12 minutes after spawn¬ 
ing. Chase (1935) has described a number of interesting results in connection 
with his studies on the formation of the fertilization membrane, his materials 
lieing Kchinoderm from which, however, the formation of the fertilisation 
membrane of P. japonicus differs entirely. The elevation of the fertilization 
memlirane takes place suddenly all over the entire egg-surface. Although the 
fertilization membrane is peifectly spherical from the beginning, the surface 
of the cytoplasm is not even, because the cytoplasm of the egg docs not entirely 
leave the fertilization mc'mbrane at one time, but remains adhering to the 
membrane in places (PI. XXllI, Fig. A). Such parts of the cvtoplasm as adhere 
to the fertilization membrane, however, leave it in the end, resulting in the 
cytoplasm of the egg eventually assuming a spherical shape (1^1. XXIll, Fig. B). 
The cytoplasm at the place where the 1st [lolar bodv is located, however, 
remains after the r<\st of it has left the fertilization membrane. Obviously, 
even this part later leaves the fertilization membrane but still retaining a con¬ 
nection to the ffTtilizalion membrane by means of the protoplasmic thread (PI. 
XXIII, Fig. B, C and I)). The thread probably does not join the ferlilization 
membrane to the cytoplasm of the (»gg, but the 1st polar body to the cyto¬ 
plasm of the egg. Even afte'r the c>lopldsm of the egg has become perfect 1> 
spherical, this protoplasmic thread is not torn, but remains intact. The ferti¬ 
lization membrane swells to its proper si/e about 3 or 3.5 minutes after it 
began to eh'vate. In 20 ('ggs that were examined the diainepTs of the fertili¬ 
zation membranes or egg-sh<dls ranged from 0.26 to 0.28 mm, and that of the 
cytoplasms from 0,23 to 0.25 mm. 

The 2nd jmlar hodv begins to appear before the fertilization membrane 
reaches its proper size. Since the spot from which the 2nd polar body ap¬ 
pears is the same as that from which the 1st polar body appeared, it is exactly 
the .same place where the cytoplasm of the egg joins the 1st polar body by 
means of the protoplasmic thread. The 2nd polar body appears as complete 
form on the surface of the cytoplasm about 30 seconds after it has started 
the movement, its head being joined to the Ist polar body by means of the 
thread (PI. XXIII, Fig. K.). About 2 minutes after its complete appearance on 
the surface of the cytoplasm, the 2nd polar body begins its upward movement 
toward the 1st polar body through the penvitelline space, apparently drawn 
hv the protoplasmic thread (PI. XXIll, Fig. F). At this instant, the cytoplasm 
of the egg is joined to the 2nd polar body, which latter, about 1 minute after 
it has started its upward movement, finds itself underneath the 1st polar body 
with the fertilization membrane between the two (PI. XXIII, Fig. G), The 
moment the 2nd polar body reaches the fertilization membrane, the thrc'ad 
which is found between the 2nd polar body and the cvtoplasm is torn (PI. 
XXJII, Fig. H). 

This phenomenon is not peculiar to every egg. Sometimes the connecting 
thread between the 1st polar body and tlie cvtoplasm is torn previous to the 
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appearance of the 2nd polar body. In such cases, the 2nd polar body stops 
its upward movement halfway before it reaches the fertilization membrane. 
Or, if the perivitelline space is so narrow tliat the 2nd polar body can barely 
pass through it, naturally no upward-movement of the 2nd polar })ody can be 
expected. 

P. affinis is the most suitable species for observing the upward-movement 
of the 2nd polar body. In this species, the perivitelline sf)ace is fairly wide 
enabling a clear view of the upward movement of the 2nd polar body. A 
similar phenomenon was observed in P. manoceros. 

The various phenomena that precede the beginning of the 1st segmenta¬ 
tion of an egg immediately after spawning are shown with their times in 
Table 2. 


Time f lapsed 
aftc*r spawmnK 
rnin. 

0 

0 '15 

1 .to 

2 20 
05 

4 20 
1 10 

5 25 
7 (K) 

11 20 

14 .40 
12 40 

15 .40 
28 00 
40 15 


Table 2 
(.’hanpe of egg 

.Sp.a\vrnnK tinie 0.15 a.m. YU 21. 1910. 
Wafor temp. 27 Salinity 29.4,Vo- 

Ro marks 


Spawning. 

Spormato/oa attach to the egg-surface. 

Egg hecomes spherical. 

; Entrance cOnes begin to appear. 

Entrance cones leach maximum size. 

Entrance cones disappear. 

, Ist polar-body begins to appear. 

1 

j 1st polar-body appears perfectly on the egg-surface. 

; Jelly-like granules disappear, but transparent egg-jelly surrounds ('gg-surface 
! Fertilization membrane begins to elevate. 

Fertilization membrane reaches full size. 

i 

2nd polar-body begins to appear. 

2nd polar-body attaches itself to fertilization membrane. 

Egg-jelly disappears. 

I Zygote bcgin.s its first cleavage 


111 Development 

i. Embryonal Dotv-lopment 

Segmentation: - In 1935 the writer published a detailed report on the segmen¬ 
tation of the egg of P. japonicus. Since then in studying the segmentation 
of the eggs of P. monoceros and P. a/finis he found that it is in the two 
species exactly the same as that of P. japonicus. Heldt (1939) also reported 
that the segmentation of the eggs of P. trisulcatus, Parapenaeus longirostris 
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and Sicyonia carinata is the same as that of P. japonicus, for which reason 
the writer will try here to de«:cTibe only briefly the segmentation of the pre¬ 
sent species, 

A total and equal segmentation occurs in the egg of P. japonicus, I'he 
1st segmentation begins about 30 or 40 minutes after spawning at water tem¬ 
perature of from 2T to 29'C, the time required for the 1st segmentation 
being 2 or 3 minutes (PI. XXIV, Figs. 1, 2 and 3). 

The 2nd segmentation begins 12 or 15 minutes after the 1st segmenta¬ 
tion. The characteristic of the segmentation of the egg of Peneidae is obser¬ 
ved at the 2nd segmentation. At the beginning, the cleavage plane of the 2nd 
segmentation make*; a right angle with the 1st cleavage plane (PL XXIV, Fig. 
4). The two daughter cells raised by the 1st segmentation rotate in opposite 
direction to each other with the progress of the 2nd segmentatirm, and are 
segmented into 1 (PI. XXIV, Figs. 5 and 6). The time required for the 2nd 
segmentation is 2 or 3 minutes. If two imaginary straight lines are drawn connect¬ 
ing the centers of the two pair cells at the end of the 2nd segmentation, the 
tw'o lines would make a ccTtam angle between them instead of being parallel. 
These angles, which differ with the egg, are usually from 15 to 6(r, sometimes 
as much as 90 or no angle at all. The dt^gree of the angle d<»pends on the 
rate of rotation. Plate XXIV, Fig. 7 show.s the various phases at the 1-cell stage. 

The 3rd segmentation begins about 12 or 15 minutes after the 2nd, its 
cleavage plane making a right angle with the 2nd cleavage plane. Such compli¬ 
cated rotation as that observed at the 2nd segmentation is not seen any more 
in the segmentations that follow the 2ik1, the cleavage plane that follows 
always making a right angle with that which preceded it. Segmentation thus 
progresses at intervals of 12 or 15 minutes (PI. XXV, Figs. 1, 2, 3, 1, 5 and 6i. 

The vegetative pole of the embryo, which somew^hat flattens, begins to 
invaginate about the time the number of cells has increased from (51 to 128. 
An embryonic membrane clearly appears surrounding the embryo within 2 or 
2.5 hours after spawning. 

Formation of Appemla^: The lateral surface of the embryo becomes some¬ 
what depressed, and 3 hours after spawning shady spots are seen here and 
there on th<‘ embryo. It is as.sumed that at this period a certain intricate 
change takes place in the interior of the embryo. The depression of the 
lateral surface disappears within 30 minutes and the shape of the embryo be¬ 
comes oval (PL XXVI, Fig. 2). 

} hours after spawning, the middle part of the embryo begins to swell, 
the swelling gradually projecting and surrounding the embryo in a ring (PL 
XXVI, Figs. 3 and 4). The width of this swelling is not regular; the wider 
side is the dorsal and the narrower the ventral (PL XXVIl, Figs. A and B). 
This ring structure is the root of the 2nd appendage or the 2nd antenna of the 
nauplius. In about 10 minutes after the projection of the root of the 2nd 
antenna, a cleft on the median line appears at the hind part of the embryo. 
This cleft gradually increases in depth (PI. XXVI, Figs. 4 and 5). 

The root of the 3rd appendage or the mandible appears below the 2nd 
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appendage about 5 hours after spawning. This appendage is smaller than 
the 2nd (PI. XXVI, Fig. 5 ; PL XXVII, Fig. C). 

The root of the 1st appendage or the 1st antenna is formed above the 
2nd appendage about 6 hours after spawning. This appendage also is slightly 
smaller than the 2nd (PI. XXVl, Fig. 6; IM. XXVII, Fig. I)j. The ord(‘r in 
which thes(‘ 3 appimdages appear is therefore the 2nd, the 3rd and finally 
the 1st. 

In about 7 hours after spawning, the cleft at the anterior part of the 
embryo resumes its former shape. 

Small setae appear at the tips of the 3 pairs of appendages about 8 
hours after spawning. A sfight cleft appears also about midway along the 
lateral sides of the 2nd and 3rd appendages. These 2 appendages become 
biramous (PI. XXVII. Figs. K and F). The clefts that have appeared on the 2nd 
and 3rd appendages are more distinct about 9 hours after spawning becoming 
complete biramous app<mdagos about 10.fi hours after spawning (PI. XXVII, 
Fig. Cl). Later, these appendages bcTonie gradually narrower and elongate, 
Nauplius in the Membrane: - The embryo is faintly divided into t somites 
at the ventral side, and a small swelling which is to become the labrum 
appears near the anterior edge of the \cntral side about 8 hours after spawn¬ 
ing ^Pl. XXVII, Fig. E). I..ater these *1 somites gradually become indistinct, 
when the upper half of the body which becomes larger than the lower 
shows a tendency to bend toward the ventral side of the body (PI. XXVII, 
Figs. F, G, H and 1). About 11 or 12 hours after spawning on completion of 
the 3 pairs of appendages the embryo progresses into a nauplius. A dark red 
ocellus appears about this time at (he anterior end of the body, w^hich lies 
slightly on its ventral side. Usually the colour of the body becomes dark or 
yellowish-black, when dark red and brown pigments appear around the ocellus 
and on that part slightly below the middle of the dorsal side. 12 or 13 hours 
after spawning, the nauplius in the egg-membrane begins convulsive movements 
from time to time at the bases of the 1st and 2nd appendages and at the 
projection on the dorsal side. 

The nauplius in the egg-membrane emerges into the outside world by 
breaking the egg-membrane: this occurs about 13 or 14 hours after spawning. 
The embryonic membrane is broken prior to that of the egg-membrane; the 
nauplius with Isl and 2nd appendages dangling from the ventral side first 
punctures the egg-membrane by extending a pair of spines at the posterior 
end (FI. XXVIII, Fig. 3); at this instant the posterior half of the body slides 
out and the whole body emerges by pushing up the upper part of the <»gg- 
membrane with the 1st appendage (PL XXVIII, Figs. 1 and 5). Thi* time 
required for the emergence is 2 or 3 minutes. 

ii. Nauplius 

In about 13 or 14 hours after spawning in the water of temperature 
ranging from 27° to 29°C, the nauplius in the egg-shell emerges by breaking 
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the egg-membrarie. Immediately after hatching the nauplius is covered here 
and there with embryonic membrane, and although the appendages that dangle 
ventrally become convulsive from time to time, the nauplius does not swim. 
The setae of the appendages look like tangled threads. 

After remaining in this condition for 4 or 5 minutes, it begins to swim 
for the first time by moving its 1st and 2nd appendages like paddles. The 
embryonic membrane ist cast off as soon as locomotion begins, when the setae 
of the appendages also straighten out. Locomotion is still fairly slow and 
swimming not continuous, but in about 20 or 30 minutes after hatching 
locomotion becomes brisk, and the creature already responds to light stimulus 
gathering in the direction of the light but avoiding direct sunshine. 

Locomotion is accomplished by briskly moving the 3 pairs of appendages 
in paddling fashion, the 2nd appendages being the most effective of the 3 
pairs for this with the 1st appendages ranking next. The 3rd appendages 
being the smallest are the weakest. In the movement, which is fairly swift, 
the body rolls about in zig-zag way on account of its appendages. When at 
rest it keeps its do|’sal side down remaining in the water in a perpendicular 
position with its 3 pairs of appendages slanting upwards. 

It moults 6 times within 36 to 37 hours after hatching at a water tem¬ 
perature from 2T to 29‘’C and passes into the zoea stage with the 6th moult. 
The length of the body increases with every moult. Since the number of 
setae of the exopodite of the 2nd appendage and that of the spines at the 
posterior end increase fairly regularly, it is possible to count the number of 
moults of the nauplius by merely observing the said two (See Table 3). 

Table 3 

The number of setae on exopodite of 2nd antenna and spine 
formula of body end in the nauplius stage 


I 

Number of ! 
setae 1 
Spine* 
formula 


1st nauplius ,;idrid nauplius 3rd nauplius;4th nauplius 5tb nauplius' 6th nauplius 


1 + 1 


6 

1 + 1 


7 

3+3 


9 

4+4 


10 

6+6 


12 

7 + 7 


The colour of the body, which is usually dark yellow at the time of 
hatching, fades with each moult turning whitish and semi-transparent when 
passing through the 5th moult. Compared with the body colour the 3 pairs 
of appendages at the time of hatching seem brighter and beautiful with red¬ 
dish-brown specks on them. 

Notwithstanding its repeated moults, the nauplius is quite strong without 
feeding. In a small container like a watch glass it thrives well requiring but 
little attention and can be easily reared, all of that is because it obtains its 
supply of energy from the yolk within its body. The yolk, which fills the 
body at the time it is hatched, is gradually absorbed with some remaining 
only in the digestive tract (PI. XXIX). The yolk is almost absorbed before it 
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passes into a zoea. 

In rearing P. monoceros, P. affinis and P. akayebi the writer found that 

their nauplius were as strong as that of P, japonicus. Heldt (1939) and 

Pearson (1939) also reported that the nauplius which they reared all proved 
to be strong. 

As already mentioned, the nauplius of P. japonicus moults 6 times. The 
writer ascertained that P. monoceros and P. affinis also moult 6 times in the 
nauplius stage Cl94]). But not all the species necessarily moult 6 times in 

their nauplius stage; according to Heldt and Pearson, the number of moults 

were found to differ in some of the species they studied (See Table 4). 


Table 4 

Number of moults in the nauplius stage 


Species 

\ Number of moults. 

i ! 

Observer. 

F. japonicus 

fi 

Hudinaga 

F. monoceros 

6 


F. affinis 

: 

.. 

F. irisulcntus 

s 

Heldt 

Sicyonia txirinaia 

1 ^ 

.. 

F, seMferns 

' 5 

Pearson 

Trachypenaeus const rictus 

! ^ 


Eusicyonia sttmpsont 

5 



First Nauplius (Fig. 6; PI. XXIX, Fig. 1): The body-lenglh in 10 specimens 
that were examined ranged from 0.30 to 0.34 mm and the body-width from 
0.16 to 0.18 mm. The length of the body was measured between the apical 
and caudal ends excluding the furcal spines, and for the width of the body, 
at the point of greatest width where the 2nd appendages are located. 

Viewed dorsally or ventrally the body is somewhat elliptical, the anterior 
half being somewhat larger than the posterior. When viewed laterally the 
body is seen to bend slightly ventrad forming a dorsal convex. 

The ocellus, which is present as a dark red spot at the anterior margin 
on the median ventral surface of the body, changes it^ colour to black after 
the 1st moult remaining so to as late as the beginning of the post-larva. 

All the 3 pairs of appendages are still unarticulated being like .sticks. 
The setae being simple are not plumose. 

The 1st appendage is uniramous and slightly shorter than the body, with 
2 long and 1 short setae at the tip, 3 setae internally and 1 externally at the 
sides. 

The 2nd appendage, which is biramous, is slightly longer or as long as 
the 1st appendage. The endopodite is provided with 2 long and 1 '^hort 
setae at the tip and with 2 short setae inside. The exopodite is slightly longer 
than the endopodite with 2 long setae at the tip and 3 long ones inside. 
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The 3rd appendage is biramous and much shorter than either the 1st or 
2nd appendage, being slightly longer than ^ the length of the two combined. 
Both endopodite and exopodite possess 3 long setae at their tips, the former 
being slightly longer than the latter. The number of setae of the 3rd ap¬ 
pendage remains constant throughout the whole nauplius stage. 

The labrum, which is semi-globular, protrudes conspicuously, the labrium 
being yet indistinct. 

The length of the pair of spines at the posterior end, which exceeds ^ the 
body-length, is flexed dorsally. 

A very short spine on the dorsal median line falls away after the 1st 
moult. 



to 0.35 mm with, however, no marked change in body-width. The length of 
the body extends slightly in its lower half. 

The outstanding difference between the 2nd nauplius and its previous 
substage is that most of the setae on each of the appendages become plumose. 
The 1st appendage is articulated by numerous joints, which not yet being 
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Indistinct are impossible to count. The number of setae is the same as that in 
the previous nauplius, one at the tip becomes long and plumose. 

The protopodite of the 2nd appendage faintly shows 3 very indistinct 
joints. There is the same number of setae on the endopodite as that in the 
preceding nauplius, the 2 setae at the tip becoming plumose. The number of 
setae on the exopodite, including a very short one that has appeared at the 
tip totals 6. The 5 long setae that were already present in the preceding 
nauplius become plumose. 



Compared with that of the preceding nauplius, the labrum is somewhat 
pointed, the labrium being rather distinctly below the labrum. 

A pair of spines at the posterior end, same as that in the preceding 
nauplius, becomes straight lines bearing short sharp setae around it. 

A pair of quite small and indistinct frontal organs appears at the anterior 
end of the body. They become distinct only after I he 5th nauplius. 

The ventral part between that part below the labrium and close to the 
posterior end becomes semi-transparent. 

Third Nauplius (Fig. 8; PI. XXIX, Fig. Ill): — The nauplius that has passed 
the 2nd moult advances into the 3rd qauplius about 6 hours after hatching 
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at water temperature of from 27° to 29‘*C. The body-length in ten specimens 
was from 0.35 to 0.38 mm and the body-width from 0.17 to 0.19 mm. 

A characteristic of this substage is the appearance of rudiments of 4* 
pairs of appendages at the ventral transparent part of the body. In other 
words, the anlages of the 1st maxilla, 2nd maxilla, 1st maxillipede and the 
2nd maxillipede faintly make their appearance. Although the first 2 of the 
4 pairs of appendages are rather distinct, the remaining 2 pairs are very in¬ 
distinct being covered by a cuticle and therefore not exposed. 



The setae of the 1st appendage are constant and the 2 setae at the tip 
plumose. 

The number of setae of the endopodite of the 2nd appendage is the same 
as in the preceding nauplius. With the small new seta at the tip of the 
exopodite, the number increases to 7 and the small new seta which grew in 
the preceding nauplius becomes somewhat longer and plumose. Although the 
expedite is divided into 4 articulations, they are indistinct as in that of the 
protopodite. 

The inner side of the protopodite of the 3rd appendage is slightly swollen 
and milk-white, and there the rudiment appears which later becomes the 
masticatory surface. 
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The posterior end is somewhat bifurcated. Two pairs of small spines 
appear anew both internally and externally. The spine formula becomes 3 + 3. 
The internal spines are frequently so small as to be indiscernible. 

Fourth Nauplius (Fig. 9; PL XXIX, Fig. IV):—The nauplius after completing 
the 3rd moult, becomes the 4th nauplius 16 hours after hatching in water 
of temperature of from 27“ to 29“C. In 10 specimens the body-length was 
from 0.38 to 0.42 mm and the body-width almost equal to that in the preceding 
substage. 

The characteristic of this substage is that the 1 pairs of appendages that 
appeared in the preceding substage all become biramous and distinct. Although 
the endopodites of each appendage are larger than the exopodites, they are 
still undt'rneath th(‘ cuticl(\ 



The 1st appendage remains the same as in the preceding subslage. 

A small seta at the tip of the endopodite of the 2nd appendage becomes 
longer and plumose, the number of setae remaining unchanged. With the 
appearance afresh of one small seta at the tip and another small one at the 
side of the exopodite, their number increases to 9. Sometimes, these small 



328 


M. HUDINAGA 


setae are missing. 3 articulations of the protopodite become distinct, the 
exopodite having 6 articulations. 

The inside of the 3rd appendage swells still further. 

The spine formula becomes 44 4 with one small spine appearing anew at 
each outer side of the posterior end. 

Fifth Nauplius (Fig. 10; PI. XXIX, Fig. V): — The n.iuplius, after going 
through the 4th moult, becomes the 5th nauplius about 23 hours after hatching 
in water of temperature of from 27" to 29“C. In 10 specimens the body- 
length was from 0.42 to 0.45 ram and the body-width slightly larger than in the 
preceding substage. 



What characterizes this substage is that the rudiment of the carapace 
appears somewhat below the middle of the body on the dorsal surface, the 
4 pairs of appendages on the ventral side becoming more distinct. 

The number of setae on the 1st appendages is constant. The articulations 
of the lower half of the stem become somewhat distinct. 
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The lengths of the plumose setae at the tip of the endopodite of tht 
second appendage become almost equal; another small seta appears afresh. 
A small seta appears anew at the tip of the exopodite making the total 10 
setae. Sometimes, however, this small seta is missing. This exopodite now 
has 8 articulations, but the 1st one is not very distinct. 

The swelling inside of the 3rd appendage becomes almost spherical, and 
an articulation is formed between the protopodite and the branches. 

Compared with the preceding substage the posterior margin extends con¬ 
siderably and the bifurcation at the end becomes more conspicuous. The spine 
formula becomes 64-6 with the addition of a spine each internally and externally. 



Sixth Nauplius (Fig. 11; PI. XXIX, Fig. VI): - On completing the 5th moult 
the nauplius passes into the 6th nauplius about 23 hours after hatching in 
water of temperature of from 27'^ to 29 C. In 10 specimens the bodv-Iength 
was from 0.48 to 0.51 mm and the body-width from 0.18 to 0.20 mm. 

The characteristic of this substage is that the rudimental carapace, which 
appeared in the preceding substage, becomes distinct on the body-surface. 
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The length of the carapace is slightly less than i the body-length; in dorsal 
view the carapace being somewhat square in outline. 

The Jst appendage grows rather distinctly into 5 articulations. The 5th 
articulation, being ^ the total length, hence the longest of all, becomes articu¬ 
lated still further. A short seta appears anew at the tip resulting in the out¬ 
side seta getting closer to the tip. This, however, is sometimes missing. 

An additional small seta that grows at the tip of the endopodite of the 
second appendage increases the setae to 5, and the addition of 1 tiny seta on 
the side increases the number on the side to 3. Adding 2 small setae on the 
outside, the exopodite has 12 .setae with 9 articulations. These 2 small new 
setae on the outside, however, are sometimes lacking. 

The swelling on the 3rd appendage takes the shape of a Japanese mortar, 
the inside ring looking like saw-teeth. Before the nauplius passes into a zoea, 
owing to the muscle of the endopodite gradually shrinking toward the proto¬ 
pod ite, the endopodite becomes practically empty. 

The 4 pairs of appendages from the 1st maxilla to the 2nd maxillipcde 
protrude still further. Although they are not yet articulated and rudimental 
and not functioning, their outlines resemble more that of the zoea. 

Furcal development at the posterior end being more pronounced, each 
spine grows afresh inside resulting in spine formula 7 + 7. 

iii. Zoeo 

The nauplius after completing the 6th moult passes into the 1st zoea about 
36 to 37 hours after hatching in whter of temperature ranging from 27'" to 
29^C. After the 6th moult the body elongates considerably and changes are 
noticed in its appearance and swimming behavior. 

In the nauplius stage swimming is accomplished by means of the 3 anterior 
appendages, but when it has advanced into the zoea stage, the endopodite 
and exopodite of the 3rd appendages drop off, they being only intended for 
mastication. The 4 pairs of appendages that appear anew in the nauplius 
stage markedly develop, the 1st and 2nd maxillipedes joining in the swimming 
action. But much of the swimming is done by the 1st and 2nd appendages 
as in the preceding stage. Because of elongation of the lower half of the 
body, bodily motion becomes slower than in the preceding stage and it swims 
leisurely by moving its appendages in a paddle fashion. 

Its reaction toward light is as strong as before, and although it tends to 
move in the direction of the light-source, it avoids direct sun-light. 

The zoea moults 3 times, after which it becomes a mysis. From the 
writer’s observation of the zoea, besides P. japonicus, in P. monoceros and P. 
affinis, the number of moults was found to be 3 in both species. Heldt (1939) 
and Pearson (1939) also reported that they observed 3 moults in the species 
that they studied. Gurney (1927) also reported as a result of comparative 
studies of numerous larvae of P. stebbingi that the zoea of this species passes 
3 substages. It may be said, therefore, that in every species of Peneidae 
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Studied up to the present the zoea may be d.vided into 3 substages. 

The time required from hatching to the 1st zoea under the same water 
temperature is practically invariable. The time from the 1st zoea to its meta¬ 
morphosis into a mysis varies considerably with the method of rearing even 
under the same temperature of water. The quickest moults 3 times within 5 
days at a water temperature of from 27“ to 29“C and passes into a mysis, 
while the others reared under unfavorable condition took as much as 18 days 
before they became mysis. The method of rearing will be described later. 

The body-colour in the zoea stage is usually pale yellow^ and translucent, 
except that the tips of the 1st and 2nd appendages and the posterior end of 
the body are more brownish-yellow than the other parts of the body. 

It may be said that in Crustacea the body-length increases only by moult¬ 
ing, but in some species there is a slight difference in tlie length immediately 
after one moult and before the next, an outstanding example of which is the 
zoea stage of I\ japonicus. F'or example, the body-length of the 1st zoea 
immediately after it has transformed from the nauplius is from 0.87 to 0.93 mm, 
the average of 10 specimens being 0,92 mm. But the body-length immediately 
before it reaches the 2nd zoea is from 1.20 to 1.32 mm, while the average of 
10 specimens is 1.30 mm, in other words, the 1st zoea increases during the 
substage its body-length by almost before the next moult. 

First Zoea (Fig. 12, I; PI, XXX ; PI. XXXI) : The body-width of a specimen 
w^hose body-length is 0 87 mm, is 0.33 mm, as measured at the widest part of 
the carapace. 

The carapace, which is an irregular octagon in shape and a little longer 
than I the body-length, covers the body loosely from the anterior end to the 
8th somite, its side flexing somewhat inside (Fig. 12, I). A pair of frontal 
organs from the nauplius stage, which is still present slightly below the anterior 
end, diops off from the second zoea. 

At the beginning of this substage the compound eyes are not yet visible 
(PI. XXXI, Fig. A) but at the end they project considerably (PI. XXXI, Fig B). 

The lower half of the body, which is not covered by the carapace and 
which is quite slender consists of 6 somites, all of which are classified as thorax 
somites. The part that adjoins the thorax somite is slightly swollen with 2 
somites faintly visible beneath the cuticle (PI. XXXI, F'ig. A). This swelling 
disappears at the end of this substage, being replaced by 5 somites which are 
abdominal somites. The boundary between the abdominal somite and the leLson 
is not yet clear (PI. XXXI, Fig. B). 

The well-developed telson with its semi-spherical notch looks like a forked 
tail. According to Pearson (1939) the shape of the notch is regarded as a 
characteristic in classifying the species. The number of spines at the top is 
74-7, being equal to that of the 6th nauplius, the longest exceeding I the 
body-length (PI. XXX). 

The 1st appendage (PI. XXX) has 3 articulations, the 1st of them having 
5 still smaller articulations. The 2nd articulation, which is the longest, bears 
3 setae internally and 1 seta externally.. The last articulation bears 1 setae 
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fat its tip and]^2 on its side; of the 4 at the tip, one is particularly long ex¬ 
ceeding the body-length. 





Fig. 12 1st Ml (3 /ofd, laicial wew Hofnaii numoials show number of substages 

The 2nd appendage (PI. XXX) is either as long as or slightly longer than 
the 1st appendage. The protopodite has 3 articulations, the endopodite 2 and 
thepexopodite 10. 1'he 1st articulation of the endopodite, which is longer than 
twice the length of the 2nd articulation, has 4 setae internally, 2 of them at 
the joint between the 1st and 2nd articulations and 1 between the 1st articu¬ 
lation iind the protopodite. The 2nd articulation bears 1 long and 1 short 
setae at its tip. The exopodite has 12 setae, the same as that of the 6th 
nauplius, 10 of them occurring internally to the tip one following the other, 
and the remaining 2 outside. 

The mandible (PI. XXXI, Fig. C) having lost both endopodite and exopodite 
at this substage and with nothing remaining but a mark of the <»xopodite 
masticates the food The masticatory surface is serrated with its upper part 
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having larger but fewer teeth and the lower part smaller but more number of 
teeth. Bate (1888) called the former psalistoma and the latter the molar 
process. 

Although the prt)topodite of the Jst maxilla (FI. XXXI, Fig, D) has no 
articulation, it branches into 2 lobes on its inner side with the 1st lobe bear¬ 
ing 7 or 8 setae and the 2nd lobe 5 setae. The endopodite is composed of 
3 articulations, the 1st having 3 setae, the 2nd 2 and the 3rd 5. Th(‘ exo- 
podite or scaphognathite, which is quite small and spherical, has 1 long plumo'^e 
setae around it. 

The 2nd maxilla (PL XXXI, Fig. E) is like the 1st, but somewhat larger. 
The protopodite which is not articulated has 5 small lobes on the inner margin, 
the 1st having from 7 to 9 setae and the remainder from 2 to 1. The endo¬ 
podite consists of 4 segments, the terminal one having at its tip 3 long setae 
and the rest 2 inside of each segment. The exopodite or scaphognathite is 
spherical with 5 Jong plumose setae around it. 

The labrum, which is oval and pointed at the end. covers the mandible. 
The labrium is located below the mandible and bifurcated at the end with 
small thick setae. 

The protopodite of the 1st maxillipede (PI. XXXI, Fig. F) consists of 2 
segments, the 1st on the inner margin having from 1 to 6 setae and the 2nd 
from 12 to 15. The endopodite, which is composed of 4 segments, have 5 
setae at the terminal, while each of the remaining segments has 2 or 3 setae. 
The exopodite, which is slightly shorter than the endopodite, has 3 setae at 
its tip and 4 on the outerside. No articulation is seen between it and the 
protopodite. 

Although the 2nd maxillipede (PI. XXXI, Fig. G) resembles the 1st, it is 
somewhat smaller; and the protopodite, which is faintly articulated by 2 joints, 
has 4 or 5 setae on its inner margin. The endopodite is composed of 1 seg¬ 
ments, the distal segment having 5 setae at its tip and the remaining segments 
1 seta each. The exopodite, which is slightly shorter than the endopodite, 
has 3 setae at its end and a like number outside. 

Second Zoea (Fig, 13) ; By rearing suitably thc» 1st zoea passes into the 2nd 
within 30 or 40 hours in water of temperatun* of from 27’ to 29°C. In the 
beginning of this substage the body-length is from 1.33 to 1.65 mm which, at 
the end of the same substage, in 10 specimens, increased to from 1.85 to 
2.13 mm. In a specimen whose body-length measured 1.37 mm the body-width 
was 0.40 mm. 

The characteristic of this substage is that a pair of compound eyes appears 
with the rostrum at the front part of the carapace. The anlage of the com¬ 
pound eye is seen in the preceding substage. The eye fully develops beneath 
the carapace before the larva passes into a 2nd zoea and protrude^s outside 
immediately after it becomes a 2nd zoea (Fig. 13). 

When the body-length was 1.37 mm, the carapace measures 0 57 mm and 
the width 0.40 mm. The carapace extending from the front part to the 3rd 
thoracic somite covers them as in the preceding substage. The rostrum, which 
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appears in front of fhe carapace, measures sl]ghtl> less than .] the carapace, 
its end being slightly docurved. The carapace also has a pair of spines the 
supra-orbital '^pines whose length are slightly more than or as much as J 

the rostrum; on the outer side there is in 
addition a smaller spine near the tip of this 
one. 

At the beginning of this substage a rudi¬ 
ment of the 3rd maxillipede appears at the 
3rd thoiacic somite (Fig. 12, II), and in the 
closing period of this substage the rudiments 
of the appendages of 5 thoracic somites appear 
(Fig. 12, II'). The rudiments of these ap¬ 
pendages are all biramous. Excluding the 
rudiment of the 3rd maxillipede the endo- 
podites are slightly shorter than the exopodites. 
These f) appendages are the rudiments of the 
pereiopods. 

Compared with the preceding substage 
the 5 abdominal somites are more distinct but 
the line betw(‘en the 6th somite and the telson 
IS not discernible. A rudiment of the uropod 
faintly appears under the cuticle (Fig. 12, 11') 
toward the end of this substage. The number 
of spines on the forked tail remains 7 I 7, as 
in the preceding substage. 

No change is seen in the appendages 
between the 1st antenna and the 2nd maxil¬ 
lipede. 

Third Zopa (Fig. 11): By rearing suitably 
the 2nd zoea passes into the 3rd zoea after 
30 or 40 hours in water of temperature from 
2T to 29 C. The body-length of 10 measured 
specimens in the beginning of the period ranged 
Fir. i;{ 2ncl /oca, dorbiil vic«w from 2.14 to 2.30 mm and at the conclusion of 

(he same period from 2.33 to 2.69 mm When 
the body-length was 2.15 mm, the body-width measured 0.45 mm. 

The charaeteristie ot this substage is that the uropods appear near the 
posterior end and that all the somites fully develop (Fig. 14, A). 

The carapace measured 0.70 mm and its width was 0.15 mm when the 
body-length was 2.15 mm. Its shape covering posteriorly up to the 5th thoracic 
somite remains practically the same as in the 2nd zoea. The small spines at 
the tips of the pair of supra orbital spines at the anterior margin of the carapace 
disappear. 

The 6 pairs of appendages of the thoracic somites, which began to appear 
faintly at the preceding substage, have slightly developed, the endopodite of 
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the 3rd maxillipede being slightly longer than the exopodite and having three 
short setae at its tip (Fig. 12. III). 



Fir. 14. 3rd zoea and its main parts. A. Dor&al vic'w; B. Kt antonna. 

C. Mandible; D. 1st maxilla; E. 2nfl maxilla 

With considerable growth of the b abdominal somites the first o somites 
are almost the same in length, each of' them being provified with a spine on 
the dorsal median line at the lower edge. I'he 5th somite has, besides, a pair 
of postero-lateral spines, and the 6th abdominal somite being the longest 
measures | of the preceding 5 somites combined and has a pair of lateral and 
postero-lateral spines (Fig. 12. Ill; Fig. 11. A). 

The uropods which appear externally now, are rudimentary in their 
structure. The exopodite, which is slightly longer than the endopodite, has 6 
or 7 short setae at the tip and near it. Adding a pair of small spines their 
number at the posterior end totals 84 8. 

As tlie result of the union of 5 small articulations the 1st segment of the 
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1 St appendage becomes one whole segment. The 2nd segment does not change 
while the 3rd one increases 2 or 3 small setae at its tip (Fig. 14, B). 

The molar process of the mandible widens and numerous small teeth ap¬ 
pear inside (Fig. 14, C). 

The 2 lobes of the protopodite of the 1st maxilla markedly protrude 
(Fig. 14, D). 

By the addition of 2 long plumose setae the number of setae on the 
exopodite of the 2nd maxilla increases to 6 (Fig, 14, E). 

No changes are. seen on the 2nd antenna, the 1st and 2nd maxillipedes. 


iv. Mysis 

The zoea passes into the 1st mysis after the 3rd moult. If sufficiently 
fed, larvae in the mysis stage in water at temperature of from ZT to 29T 
moult 3 times within 5 days and pass into post-larvae after the 3rd moult. 
Besides P. japonicus^ the writer observed also 3 moults in the mysis of P. 
monoceros and P. affinis. Pearson (1939) and Heldt (1939) reported, however, 
the existence of certain species that moult more than 3 times, or became post¬ 
larva after only 2 moults (see Table 5). 


Table 5 

Number of moults in the mysis stage. 


Sp«*cies 

Number of moults 

ObservcT 

P, japonicus 

3 

Hudinugu 

P. monoceros 

:j 


P. affinis 

3 


P. trisulcatus 

i 4 

Hcldt 

S. carinata 

\ 

•• 

Parapenaeus longirostris 

; 14 

j 

Gennadas elegans 

! 4 


Solenocera memhranacea 

1 2 

,, 

P. setiferus 


Pearson 

T. constrictus 

i 2 



The body of a mysis greatly resembles the adult prawn. The cephalic 
and thoracic parts unite and the carapace covers the cephalothorax. 

Although the function of the 1st and 2nd appendages were mainly natatory 
up to the preceding stage, they are no more so in this stage; the antennae 
become tactile in function. Swimming is now accomplished by the 5 pairs of 
pereiopods that develop in this stage assisted by 3 maxillipedes, their structures 
being shown in Fig. 15. Although the strong larvae in the preceding stage 
used to swim in the middle or upper layers of the water, in the mysis stage 
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even the strong ones swim in the lowest layer. Most of them, however, swim 
in the middle and upper layers of the water. They usually suspend themselves 
in the water with their head down and the telson up rapidly moving their 5 


pairs of pereiopods. When moving 
about, their heads stay downward and 
proceed with the telson ahead and the 
body somewhat aslant. The tendency 
to move in the direction of the light- 
source is noticed less frequently. 

The body color is a pale-yellow, 
while the color of the mouth parts, 
thorax, abdominal segments and the tip 
of the 1st antenna is reddish-brown, 
whereas in the 3rd mysis it is pale 
yellowish-brown. 

In the mysis stage the larva a 
every moult gradually changes its body- 
form. The writer will, therefore, not 
divide the stage into substages in de¬ 
scribing the mysis, but will proceed with 
the changes that occur in the various 
parts. 

Body'Length and Width: - The body- 
lengths of 10 examined specimens in 
the 1st mysis ranged from 2.87 to 
3.10 mm, in the 2nd from 2.99 to 
3.64 mm and in the 3rd from 3.79 to 
4.52 mm. The body-width measured 
0.53 mm in the 1st mysis when the 
body-length was 2.87 mm ; 0.56 mm in 
the 2nd when the body-length was 
3.61 mm and 0.59 mm in the 3rd when 
the body-length was 4.27 mm. 

Carapace and Rostrum (PI. XXXII, Figs. 
I, II and III): — The carapace which is 



more developed than in the zoea stage 15. tst mysis, ventral view, 

is almost as matured as in an adult 


prawn. In this stage the thoracic and cephalic segments completely unite and 
the carapace covers them, its length measuring about \ the body-length. A 
pair of supra-orbital spines which lie at the front margin and at both sides of 
the base of the rostrum becomes smaller than in the preceding stage, becoming 
still smaller after each moult. A pair of antero-lateral spines appears slightly 
below the middle of the anterior margin of the carapace, besides a pair of 
hepatic spines that also appear, one on each side of the carapace behind the 
eye and slightly set back from the anterior margin of the carapace. 
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The length of the rostrum slightly exceeds I that of the carapace, the 
front part being decurved in the 1st and 2nd mysis, whereas in the 3rd mysis 
length is slightly less than .> the carapace and straight; its tip is slightly longer 
than the eye-stalk in the 1st and 2nd mysis but almost equal to the eye-stalk 
in the Srd. 

In the 1st mysis no teeth are found on the dorsal side of the rostrum, 
although 1 appears in the 2nd mysis and 2 in the 3rd. Frequently only one 
tooth is found in the 3rd mysis. ^ 

Abdomen (FI. XXXII, Figs, I', II' and Ill'): -The well-developed abdomen is 
slightly less than i the body-length in the 1st mysis and slightly more than I 
in the 2nd and 3rd. The anterior 5 segments are almost of the same length. 
The 6th segment, which is the longest, is slightly shorter than the whole length 
of the 5 segments cgmbined. In the 1st mysis the spines on the 1st and 2nd 
segments disappear. The spine on the 3rd segment disappears in the 2nd 
mysis and that on the 4th segment becomes" quite small in the 3rd mysis, 
while that on the 5th segment is the only one whose presence is definite. 
Although no spines were found on the median line of the 6th segment at the 
postero-dorsal margin in the preceding stage, a long spine appears in the mysis 
stage. Although the number of lateral spines is the same as in the preceding 
substage, they have become smaller in size. At this stage a spine appears 
between the telson and the abdomen on the median line at the postero-ventral 
margin. 

Telson and IJropod (Fig 16): - The telson is slightly less than r, the body- 



Fig. 16. Telson and uropod in mysis stage, dorsal view. Roman numerals show 
number of substaj^'es. 
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length. With the drawing closer toward each other of. the bifurcated ends of 
the distal margin the notch becomes smaller. This notch becomes still smaller 
at each moult in this stage. That is, whereas the height of the tip of the 
notch is between the lateral 1st and 2nd spines at the 1st mysis, the tip is 
on the same line as the 2nd spine in the 2nd mysis; in the 3rd, the tip is at 
that height between the 2nd and 3rd spines. The spine formula being the 
same as that of the preceding substage is S f-S. 

The uropod is well developed in this stage, and a spine appears at the 
edge of the outside of the protopodite. The exopodite is slightly longer than 
the endopodite, but shorter than the telson throughout the 1st, 2nd and 3rd 
mysis. The exopodite, which bears a small spine on the outer distal margin, 
also bears from 14 to 15 plumose setae at the distal and lateral-inner margin 
in the 1st mysis, from 17 to 20 in the 2nd and from 22 to 25 in the 3rd. 
I'he endopodite bears at the distal and lateral-inner margin from 12 to 13 
plumose setae in the 1st mysis, from 17 to 20 in the 2nd and from 20 to 23 
in the 3rd. 


First Antenna (Fig. 17) : In the 1st mysis the stem has 3 segments, of which 
the 1st is the longest. The anlage of the otolith appears outside of the base 
of the 1st segment, which bears 
2 or 3 small setae, 1 spine 
occurs at the inner side and 
slightly above the middle. The 
length of the 2nd segment, which 
is \ that of the 1st, has several 
setae on both sides of it. The 
3rd segment, which is slightly 
shorter than the 2nd, bears 
several setae on both sides and 
2 branches at the distal end. 

The outer branch, which is about 
twice as long as the inner, has 
6 sensory setae at the end, the 
inner having 2 at the end. These 
sensory setae are special being 
found only on the outer branch 
of the 1st antenna. 

The antenna remains es¬ 
sentially the same at the 2nd 
mysis as in the 1st. The length 
of the 1st segment is more than twice that of the 2nd ; in the case of those 
at the end of the 3rd segment the inner branch is about that of the out<*r. 

The le gth of the 1st segment exceeds twice that of the 2nd segment at 
the 3rd mysis and the otolith at the base becomes clearly visible. As to the 
branches at the end of the 3rd segment they have the same length or the 
outer branch is slightly shorter than the inner. The last named, which is in- 



Fi^. 17. 1st antonna in mys.s staj^e. Roman 
nunK'rals show number of siibstages 
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distinctly segmented into 2, has 4 sensory setae at the terminal and 3 on the 
side. On the other hand, the inner branch which is segmented into 3 bears 
4 setae at the terminal. The number of setae around each segment of the 
stem increases more or less. 

Second Antenna (Fig. 18) : — In the 1st mysis, the protopodite being composed 
of 2 segments, there appears inside the 1st segment a tiny swelling which is 

the anlage of the green gland. 



Fig. 18. 2nd antenna in mysis stage. Roman numerals 
^hoW number of substages. 


The segments disappear from 
both endopodite and exopodite, 
and the flattened exopodite 
bears 10 long plumose setae 
at the tip and on the inside, 
while the endopodite, which is 
shorter than the exopodite and 
of a rod-1 ike shape, bears 4 
setae at the tip and 3 simple 
setae inside. 

A small spine appt^ars on 
the 2nd segment of the proto¬ 
podite in the 2nd mysis. The 
exopodite terminates with a 
sharp spine at the outer tip. 
With the number of setae in¬ 
creasing from 18 to 20 their 
lengths become fairly shorter 
than those at the preceding 



substage. The length of the 
endopodite is § that of the 
exopodite; the setae are lack¬ 
ing. 

The exopodite is further 
flattened in the 3rd mysis bear¬ 
ing from 23 to 25 setae. The 
endopodite, somewhat longer 
than i the exopodite, is divided 
into 4 segments, of which the 
1st is very short, the 3rd the 
longest and the 4th, which is 
the terminal segment, bearing 
3 or 4 simple setae at the end. 


Mandible (Fig. 19) : — The 


Fig. 19. Mandible in mysis stage. Roman numerals 
show number of substages. 


masticatory surface of the 
mandible remains the same 
throughout the mysis stage. 


The psalistoma is sharper than at the preceding stage, the molar process is 
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flattened still further 
and the number of small 
teeth increases. A small 
protrusion, which ap¬ 
pears at the upper 
margin of the peduncle 
in the 1st mysis, grows 
still longer in the 2nd 
and divides into two 
segment in the 3rd 
bearing one seta on its 
side. 

20 . 1st maKilla in m\sis 
stage, Roman numerals 
show numljer of suhstages. 

Fhst Maxilla /Fig. 20): 




- In the 1st mysis, 
this appendage re¬ 
mains almost the 
same as that in the 
zoea, excepting that 
the 2nd lobe of the 
protopodite protrudes 
more than in the 
preceding stage. It 
is also exactly the 
same in the 2nd 
mysis as in the 1st. 

The exopodite 
drops off in the 3rd 
mysis,• the size of the 
endopodite diminish¬ 
ing considerably com¬ 
pared with that of 
the protopodite. The 
articulation between 
the 1st segment and 
the protopodite be¬ 
comes indistinct. 
Second Maxilla (Fig. 
21): — The structure 
of the 2nd maxilla 

Fig. 21, 2nd maxilla in 
mysis stage. Roman 
numerals show number 
of substages. 
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remains the same as that in the zoea, excepting that the exopodite or scapho- 
gnathite is developed much more than in the preceding stage, whereas in the 
3rd mysis the scaphognathite of the 1st maxilla falls away. This scaphognathite 
gradually increases in size with each moult, the long pulmodial setae around 
it also increasing to 10 in the 1st mysis, 16 in the 2nd and 20 in the 3rd. 
First MaxilUjyede (Fig. 22):—The structure of this appendage does not change 
throughout the mysis stage remaining the same as in the zoea, excepting that 
the exopodite has anew a number of setae postero-laterally. In the 2nd mysis, 
the mastigobranchial plate, which appears near the base of the protopodite 
and which is too small to be visible, develops in the 3rd mysis to a rather 
large size and becomes distinct (mb). 



Fig. 22. 1st maxillipede in mysis stage. Roman numerals show number of substages. 


Second Maxillipede (Fig. 23): — In the 1st and 2nd mysis, its structure remains 
essentially the same as in the zoea. In the 3rd mysis the endopodite is pro¬ 
vided with 5 segments, of which the 2nd is the longest, the 4th next in length, 
the 5th slightly shorter than the 4th, and the 1st and 3rd shorter still than 
i that of the 2nd. As to the setae, the 3rd segment has none, while the 1st, 
2nd and 4th segment each have 2 or 3 long setae on the inner side, while 
the 5th has 3 at the tip and 2 near the tip in addition to seta at the line 
between it and the 4th segment. No change is seen irt the exopodite. 

As in the case of the 1st maxillipede, the mastigobranchial plate faintly 
appears at the base of the protopodite in the 2nd mysis, becoming distinct in 
the 3rd (mb). ^ 
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Fig. 2‘^. 2nd maxillipede in mvsis stage. Roman numerals show number 
of substages, mh^ mastigohranchia. 


Third Maxillijyede (Fig. 24): - - 
This appendage, together with 
the 5 pairs of pereiopods to 
be described below develops 
considerably in the mysis stage. 
The protopodite has 2 seg¬ 
ments, the endopodite 5 and 
the exopodite none. Of the 
5 segments of the endopodite 
in the 1st mysis, the 2nd and 
4th are the longest, the 3rd 
and 4th equal to § of the 2nd, 
and the 1st the shortest being 
only I that of the 2nd. The 
2nd segment of the protopodite 
and the 1st to the 4th of the 
endopodite each have 2 or 3 
setae on their sides, while the 
5th has 5 at its tip. The 3rd 
maxillipede in the 2nd and 3rd 
mysis remains the same as that 
in the 1st mysis, and the 
lengths of the segments of the 



Fig. 24. 3rd maxillipede in mysis stage. Roman 
numerals show number of substages, ah, arthro- 
branchia. 
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endopodite slightly differ from those in the 1st mysis. 

An arthrobranchia (ab) that faintly appears at the base of the protopodite 
in the IfSt mysis is scarcely visible. Another arthrobranchia appears in the 
2nd mysis. Although the one becomes somewhat clearer in the 2nd mysis, 
the new one is still indistinct. These 2 arthrobranchiae are visible for the 
first time in the 3rd mysis, although frequently only one arthrobranchia can 
be found. 

First to Fifth Pereiopods (PL XXXIII): - The protopodite consists of 2 segments 
in the 1st mysis, none being found on either endopodite or exopodite; the 
exopodites arc either twice as long as or longer than the endopodites in all 
the 5 pairs of pereiopods. The anlages of the chelae appear at the tips of 
the first 3 pairs of the endopodites. The endopodite of each appendage has 
4 or 5 long simple setae at its tip, while the exopodite has 4 at the tip and 

3 or 4 long pulmodial setae on the side. 

In the 2nd mysis, the endopodite of each appendage becomes longer than 
.] the exopodite, the first 3 pairs being segmented into 4 and the remaining 
2 pairs into 5. The tips of the first 3 pairs become chelae, but neither pro- 
podite nor carpopodite are distinguishable yet. As to the first 3 pairs, the 
lengths of the 1st to the 3rd segment ai*e nearly the same, the length of the 
4th being twice that of the others. The segments of the remaining 2 pairs 
of endopodite, from the 1st to the 3rd segment, have the same length, while 
the 4th and bth segments are slightly shorter than twice the other segments. 
The exopodite remains the same as at the preceding substage. 

In the 3rd mysis, the first 3 pairs of the endopodite are also segmented 

into 5, the propodite and the carpopodite being clearly differentiated and de¬ 

veloped in order to complete the chelae. The endopodite of the 1st poreiopod 
is slightly shorter than the exopodite, while that of the 2nd pereiopod is almost 
equal in length to the exopodite. The endonodite of the 3rd pereiopod is thus 
longer by about I.] times the exopodite. The endopodites of the remaining 
2 pairs of pereiopods are slightly longer than the exopodites. The structure 
of the exopodites of each pereiopod remains the same as in the preceding 
substages. 

In the 1st mysis, an arthrobranchia (ab) faintly appears at the base of 
the protopodites of from the 1st to the 3rd pereiopods, while in the 2nd mysis 
another one faintly appears in these pereiopods. Even in the 2nd mysis, these 
arthrobranchiae are too small to be visible until, when the 3rd mysis is reached, 
they become rather distinguishable; an arthrobranchia appears very faintly on 
the 4th pereiopod. 

First to Fifth Pleopods (PI. XXXII, Fig. 1', II' and III'):—The 5 pairs of ap- 
pendages that belong to the abdomen are yet rudimentary and functionless in 
the mysis stage. These appendages, which appear as buds ventrally in the 1st 
mysis, become lightly more pronounced in the 2nd. Every appendage that is 
developed in the 3rd mysis, is articulated into 2 segments with 2 or 3 very 
short setae at the tips. 
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V. PosUlarva 


The 3rd mysis passes into the 1st post-larva. Its 5 pairs of pleopods, 
which were functionless in the preceding stage, serve for swimming, while the 
pereiopods, which fulfilled the main function of swimming in the mysis stage, 
now serve for grasping food and crawling 
(Fig. 25). With growth of the larvae and 
with change of the stage swimming function 
is gradually taken over by the appendages 
that have newly appeared (See Table 6). 

Table 6 

Change in swimming appendages 


Stago 


ApJlerula^^c•s fcir swimming 
Principal Subordinalc 


Naupiius I 1st anU'nnae | Maiidihk* 

Zona j Ist-^nd ant(*nna<* * Isl 2nfl mamillipedes 

Mvsjs I lst -r>th pereiopods | 1st-3rd maxillipede*? 

Post-larvaj J<?( Titli pleopods | llropod 

At the beginning of lhi?» stage the larvae 
which liv(‘d until th(»n plankton and swam 
hor izontally through th<' water begin to creep 
on the sand after undci^going 3 or 4 moults. 

Unlike the adult, however, they creep on or 
sink into the sand during the day as w^ell 
as at night with irregular interval. The 
habit of creeping on the sand like the adults 
appears after they have completed from 10 
to 12 moults. 

With every moult the form and various 
structures of its body undergo gradual trans¬ 
formation and come to resemble the adult. 

After undergoing approximately from 20 to 
22 moults the form of the body and its appendages become the same as those 
of the adult. 

At the beginning of this stage the colour of the body is pale brownish- 
yellow, the same as that in the 3rd mysis, but after 4 or 5 moults, complicated 
colours, such as brownish-black, greenish-black, brownish-yellow etc., appear in 
various parts of the body. These colour spots increase with the number of 
moults, eventually changing to the colour peculiar to this prawn approximately 
40 days after incubation, when its body-length exceeds 6 cm. 
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Table 7 

Body-length and growth percentage at every moult, 10 specimens 
measured at every substage 


Substage 

Maximum 

Body length 

Minimum 

- 

Average 

Growth 

percentage 

. 


mm 

mm 

mm 


1 st nauplius 

0.34 

0.30 

0.32 

0.0 

2 nd .. 

0.35 

0.33 

0.34 

6.2 

3rd „ 

0.38 

0.35 

0.37 

8.8 

4th 

0.42 

0.38 

0.39 

5.5 

5tb .* 

0.45 

0.42 

0.44 

12.8 

6 th 

0.51 

0.48 

0.50 

13.6 

1 st zoea early 

0.93 

0.87 

0.92 

86.0 

r, later 

1.32 

1.20 

1.30 

39.7 

2 nd early 

1.65 

1.33 

1.53 

25.4 

M later 

2.13 

1.85 

1.97 

28.7 

3rd early 

2.32 

2.14 

2.24 

' 13.7 

M later 

2.59 ^ 

2.33 

2.50 

11.1 

1 st mysis 

3.10 

2.67 

2.83 

13.2 

2 nd >t 

3.64 

2.99 

3.34 

22.2 

8 rd f> 

4.52 

3.79 

4.34 

21.0 

Ist post-larva 

5.00 

4.79 

4.90 

12.6 

2 nd 

5.74 

5.20 

5.71 

16.5 

3rd ♦* ' 

6.39 

5.80 ! 

! 6.24 

: 9.2 

4th .. 1 

6.92 

1 6.37 i 

i 0.76 

8.3 

5th 

7..50 

6.67 

: 7.31 1 

8.1 

6 th ,« 1 

7.87 

6.85 : 

; 7.69 

1 5.1 

7th .. i 

8.31 i 

i 7.20 

8.15 

6.0 

8 th 

10.38 

8.35 

9.01 

10.5 

9th 

11.10 ! 

1 

1 8.56 

1 9.88 

i 9.7 

10 th 

12.31 1 

9.40 , 

, 10.88 

10.0 

11 th 

13.45 

! . 10-41 j 

11.57 

i 6.3 

12 th 

14.51 i 

1 11.39 

i 12.40 

' 7.1 

13th „ ! 

1 17.10 

: 12.41 

14.15 

1 14.1 

14th „ 1 

i 19.12 

I 13.72 

15.80 

i 11.6 

15th 

1 23.00 

I 15.12 

1 19.50 

1 23.4 

16th 

1 26.54 

. 17.95 

1 21.00 

1 7.7 

17th 

30.12 

! 19.15 

; 24.32 

1 15.8 

18th 

33,10 

1 21.92 

1 30.11 

; 23.8 

19th 

36.23 

j 24.85 

i 35.25 

' 17.1 

20 th 

38.12 

j 28.51 

i 37.52 

1 6.4 

21 st 

'40.25 

j 31.67 

40.10 

! 6.9 

22 nd u 

42.58 

! 33.82 

42.31 

1 5.5 
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Body-Length and Body-Width: — As to the body-length and body-width in the 
post-larval stage, the writer will summarize the development percentages of 
the body-length and the comparisons made of the body-length and body-width 

Table 8 

Length of body and its main parts 


Substage 

1 

Body- j 
length 1 

1 

Body- 

width 

Length 

of 

carapare 

! Length of abdomen 

'T* . 1 11st to 5th /'.i.. 

Total ! 0th SPR. 

Length 

of 

telson 

1 st naupiius 

2 nd M 

3rd 

4th 

5th 

6 th 

1 st zoea 

2 nd 

3rd 

inm 

0.32 

0.34 

0.36 

0.40 

0.43 

0.49 

0.90 

1.75 

2.14 

mm 

0.17 

0.17 

0.18 

0.18 

0.18 

0.19 

0.34 

0.14 

0.57 

mm 

0.50 

0.61 

0.80 

1 

1 

1 

1 mm 

0.97 

1 

1 

1 

i 

i 

mm 

0.53 

1 

mm 

0.44 

i 

[ 

nu 

0.37 

1 st my sis 

2.87 

0.53 

0.90 

' 1.10 

0.76 

0.64 

0.57 

2 nd M 

3.61 

0.56 

1.04 

1.90 

1.04 

0.86 

0.70 

3id »» 

4.27 

0.59 

1.12 

1 2.32 

1.28 

1.01 

0.83 

1 st post-larva 

1.79 

0.60 

1.36 

; 2.55 

' 1.37 

1.18 

0.88 

2 nd .. 

5.74 

0.63 

1.60 

3.07 

1.65 

1.12 

1.07 

.‘Ird M 

6.02 

0.65 

1.68 

; 3.36 

1.79 

1.47 

1.07 

4fh 

6.43 

0.67 

1.76 

1 3.60 

2.08 

1.52 

1.07 

5th 

6.49 

0.77 

1.80 

3.61 

2.09 

1.52 

I 1.08 

6 th 

7.29 

{).m 

i 2.24 

3.97 

2.40 

1.57 

1.08 

7th 

7.70 

1.12 

2.12 

1 1.07 

i 2.42 

[ 1.65 

1.21 

8 th 

10.38 

1.76 

' 3.01 

5.72 

' 3.74 

1.95 

1.65 

9th 

10.90 

1.76 

3.10 

; 6.16 

; 3.96 

! 2.20 1 

1 1 

i 1.65 

1 

10 th 

11.59 

1.87 

1 3.52 

' 6.38 

4.18 

1 2.20 

1 1.69 

llth 

13.35 

2.20 i 

1 3.86 

7.59 

i 5.17 

; 2.42 

1.91 

12 th „ ' 

14.48 

2.50 

4.60 

7.76 ; 

5.20 

1 2.56 

2.12 

13th 

17.08 

3.00 1 

1 5.12 

9.56 j 

j 6 .6f) : 

: 2.96 

2.10 

Hth 

19.02 . 

3.19 j 

1 5.50 

11.36 

7.82 

3.50 

3.20 

15th »» 

23.00 

3.64 

I 

12.30 

8.60 

i 3.70 

3.20 

16th I* 

26.00 

3.90 

; 8.50 

14.00 

10.00 

4.00 

3.50 

17th , 

29.40 

4.01 

9.52 

15.90 

1 11.30 1 

4.63 

4.01 

18th „ 1 

31.60 

4.20 

10.30 

17.15 

12.25 ' 

4.90 

4.15 

19th « ; 

32.60 

4.35 

19.71 

17.17 

1 j 

12.82 

4.92 

4.20 

20 th t> 

34.62 

4.50 

11.10 

19.02 

13.62 

1 5.40 

4.50 

21 st i 

35.55 

4.80 

11.14 

19.61 

14.20 

5.11 

4.80 

22 nd .. ! 

1 

36.55 : 

5.00 

11.20 

19.95 

11.50 

5.‘15 

1 

5.40 
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on each ecdysis of the 1st nauplius up to the 22nd post-larva (See Tables 7, 
8, 9 A, and Fiks. 26 and 27 A). 

The development percentage of the nauplius during its early stage at each 
ecdysis, which is below 10 per cent, exceeds it towards the final stage. When 
the 6th nauplius undergoes ecdysis and becomes the 1st zoca the development 
percentage rises to 86 per cent, and its body-length becomes almost twice as 
large in proportion. This development percentage, being the maximum through¬ 
out the course of eedyses, does not attain to a body-length twice as much with 
a single process of ecdysis in the latter. 

What characterizes this body-development during the zoea stage, as al¬ 
ready explained, is the large difference in body length at the beginning and 
the enrl of the same suhstage without undergoing ecdysis. During the zoea 
stage, however, this difference is most marked in the 1st zoea, decreasing in 
the 2nd and 3rd zoca. In the \st zoea the development percentage during 
the same substage is nearly 10 per cent. This high development percenlagt' 
rank second to ihat when th(* 6th nauplius pass('s into the ls( ^oea. There is 
no other high development percentage during ecdvses. The 2nd zoea attains 
a development percentage of 28 per cent during the same substage, lh(‘ 3rd 
zoea II per cent showing a gradual decrease in the percentage. A similar 
tendency may he noticed in the development percentage when going through 
ecdysis during the zoea stage. Although a development percentage of 23 and 
above is attained at the time of passage from the 1st to the 2nd zoea, it is 
only 13.7 per cent at the lim(' it passes from the 2nd to the 3rd zoea a 
decrease of nearly .1. When the 3id zoea passes into the I si mysis, its d<*- 
velopment percentage is 13.2. The high development percentage, such as that 
when the 6th nauplius passes into the 1st zoea, cannot be seen any more. 



Fig. 26. Growth percentage by moulting from tst nauplius to 22iid post-larva. 
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Table 9 


Ratio of body parts 


A 

C 


E 


body-width 

body-length 


X 100, 


rostrum - 

- X 100. 

carapace 


6th abd ominal .^Kmejit 
lst~5th abdominal segs. 


X 100, 


B: 

D: 

F: 


carapace 

bodv-length 


100 , 


abdomen ..... 
bo<lv.longth ^ 


tolson 

body-length 


X 100 . 


Substage 

1 A 

H 

C 

1) 

E 

F 

1st nauplius 

* 53.1 

! 

! 

! 

i 


) 

2nd 

’ 50.0 

1 

1 

t 



;ird 

50.0 



j 


1 

4tb 

15.0 


; 



’ 

5tb 

1 41.7 

j 





6th M 

‘ 39.5 


. 




1st /oea 

37.0 

1 55.5 

! 




2nd ,, 

! 25.2 

36.5 

' 37.5 




3rd M 

’ 21.5 

* 37.3 

: 4:1.7 

58.0 

83.0 

1 17.2 

1st mysis 

18.1 

31.3 

; 51.1 

48.7 

84.2 

19.8 

2nd 

15.5 

' 28.8 

1 45.2 

53.1 

81.2 

19.3 

Hrd 

13.8 

; 26.2 

13.7 

.54.3 

81.2 

19.4 

1st post-larva 

10.1 

! 2«.:{ 

: .31.1 

53.6 

86.1 

18.4 

2iid M 

10.6 

1 27.9 

i 24.5 

53.4 

86.0 

18.6 

3rd 

' 10.7 

27.9 

23.8 

55.8 

82.1 

18.6 

4th 

10.4 

1 27. H 

, 21.5 

55.9 

73.0 

16.6 

5th 

‘ 11.8 

1 27.7 

: 23.1 

55.6 

72.7 

16.6 

6th 

13.4 

1 

I 30.7 

j 24.5 

54.4 

65.1 

14.8 

7th 

1 U.5 

i 30.1 

; 27.2 

52.8 

68.1 

15.7 

8th 

! 16.9 

j 28.9 

1 27.7 

55.2 ' 

52.9 

15.8 

9th .. 

' 16.1 

1 28.4 


, 56.5 

55.5 

: 15.1 

10th 

16.1 

1 30.3 

. :30.3 

55.0 

52.6 

14.5 

11th 

' 16.4 

j 28.8 

1 34.8 

56.8 

46.8 

14.3 

12th 

17.2 

; 31.7 

:34.7 

1 ‘ 

53.5 

49.2 

14.6 

13th 

i 17.5 

i 29.9 

' 32.8 

1 

55.9 

44.8 

14.0 

14th 

1 16.6 

1 28.9 

1 


59.5 ' 

44.7 1 

16.8 

15th 

1 15.8 

1 32.5 

36.2 

64.6 

43.0 

13.9 

16th 

; 15.0 

1 32.6 

48.1 

53.8 

40.0 

13.4 

17th 

i 13.6 

32.3 

47.5 

54.0 

40.7 

13.6 

18th M . 

13.2 

32.5 

i 47.7 

54.2 : 

40.0 ' 

13.1 

t9th 

13.3 

, 32.8 

47.6 

54.2 i 

38.2 

12.8 

20th M 

12.9 

32,0 

47.9 j 

54.4 1 

39.6 : 

12.9 

21st M 

13.5 

30.4 

47.8 ! 

55.1 , I 

:48.a i 

13.5 

22nd 

13.6 

30.6 

46.4 1 

54.5 1 

37.5 j 

14.7 



350 


M. HUDINAGA 


In two preceding substages the development percentage during the mysis 
stage exceeds 20, which is larger than that when the larva passes from the 
3rd zoea into the 1st mysis, and also higher than 12.6 per cent when it passes 
from the 3rd mysis into the Jst post-larva. 

The development percentage during the post-larval stage is very irregular. 
In the course of ecdyses from the 1st to the 22nd post-larva, there are only 
two occasions when the development rises above 20 per cent, 7 occasions when 
it is 10 per cent or slightly inore, while on all other occasions they drop below 
10 percent. It is during the zoea and mysis stages that the highest develop¬ 
ment percentage of the larvae is reached. 

The largest ratio between the body-length and body-width is seen in the 
naupl’.us stage. During the beginning of this stage, the ratio of body-width 
to body-length is 50 per cent, or one-half, and with the 1st nauplius, more 
than one-half. This ratio drops as development proceeds, so later gradually 
outgrtjws the body-width. The body form becomes slender with each ecdysis. 
The minimum ratio is seen during the period from the 1st to the 1th post¬ 
larva, when the body-width becomes the body-length. It is during this 
stage that the body becomes most slender. A tendency for this ratio of gradual 
increase in body-width may be seen after the 5th post-larva, after which it 
agairr declines with the K^th post-larva, until from the 17th or ISth post-larva 
it is practically constant (See Table 9 A; Fig..27, A). 

Carapace and Rostrum (Pis. XXXIV and XXXV): - The length of the rostrum 
in the 1st post-larva os in the 3rd mysis is almost as long as the eye stalk. With 
every ecdysis, however, it becomes shorter than the eye stalk reaching minimum 
in the 4th post-larva, when it is then almost .] the eye stalk. From the 5th 
post-larva it again gradually increases in length, while in the 8th post-larva 
the rostrum is either only slightly shorter than the eye stalk or is of the same 
length. In the 9th post-larva the rostrum, which becomes longer than the eye 
stalk, is about h] times longer than the eye stalk in the 16th or 18th post-larva, 
the ratio of the two becoming definite. 

The number of teeth on the cenlro-median line of the rostrum and the 
carapace are 3 in the 1st post-larva, 1 in the 2nd, 5 in the 4th, 6 in the 5th, 
7 in the 6th, 8 in the 9th, 9 in the llth and 10 in the 13th, beyond which 
it does not increase. There are, however, exceptions to the foregoing rule, 
the increase not always being in the manner described. It may cease increas¬ 
ing after attaining 9 teeth (sometimes we see 11 teeth), but in the majority of 
cases the increase ceases after the 10 teeth has been reached. A tooth that 
grows on the underside of the rostrum and formed during the 10th or llth 
post-larva docs not multiply (See Table 10). 

Although the supra-orbital spine that is located on the anterior edge of 
the carapace at the base of the rostrum during the mysis stage disappears in 
the 1st post-larva, but it re appears in the 10th or 11th post-larva. The antero¬ 
lateral spm'e and the hepatic spine formed from the mysis stage gradually 
grows longer, stronger and sharper during ecdyses. A keel is formed under 
the hepatic spine in the 8th or 9th post-larva. The 2 keels are formed in 
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the 17th or 18th post-larva on the line that joins the supra-orbital spine and 
the hepatic «pme, as also on the lin(‘ that joins the anterolateral «pine and 
the hepatic spine. The keels become clear with development of the larva. 
The 3 grooves on the centro-median line of the carapace and constituting one 
of the characteristics of P japonmis may faintly bo perceived from the 17th 
postwarva and quite clearK in the 2()th post-lar\a. 


Table 10 

NurnlxM of teeth on rostrum in the m\sis and postl«\r\al stages 
M, mysis; P, post-larva 


Sulislnn* 

M, M M l>i I‘ P, P, P P 

Host run 


Ph P. |Pi, P,i 


Pi. 


I ppil 
I.OU« 1 


0 1 2 i 
0 0 0 0 


4 4 S (> 7 7 7 

0 0,0 0 0 0 0 



0 


10 


10 


1 1 ' 1 


As shown in 'Fable 9, and Fig. 27, (^, *he ratio of rostrum to caiapace, 
which IS 31 1 percent m the 1st post larva, giaduallv decreases until it leachf^* 
a minimum of 21 5 per cemt in the Ith post-laiva, whcTe it again gradually 



N N N, N N. 

Fik 27 
A 

( 

E 


/I f(.Nrfppf »iiij r r 

Ratio of hodv to miin paiK of bodv at t\civ sub^tat;( 

body width taiapao 

bodv-longth ^ ' bod\ length 

lObtrum - at)domt»n 

X KMl, 11 « ■« 1 I 

(arapaco bod^ length 

Oth abdominal seg ,, It Ison 


1st 5th abdominal segs 


> 100 


body lontjtb 


100 . 
X too 

IIM) 


i r 
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increases, reaching 48.1 per cent in the 16th post-larva, after which it is con¬ 
stant — a ratio very similar to that between the rostrum and the eye stalk. 

The ratio between the carapace and body-length (Table 9, B; Fig. 27, B) 
ranges from 27 to 28 per cent during the period from the 1st to the 5th 
post-larva, gradually increasing from the 6th post-larva, becoming 32.5 per cent 
around the 15th post-larva, after which it becomes invariable. 

Abdomen: — The abdomen in the 1st post-larva scarcely differs from that in 
the 3rd mysis. There is a spine each on the postero-median line from the 4th 
to the 6th somites, that on the 6th somite being the longest and that on the 
4th somite very short. The spines on the 4th and 5th somites disappear when 
it passes into the 2nd and 3rd post-larvae. The spine on the 6th somite also 
shortens greatly. The spines located on the latero-median line of the 5th and 
6th somites from the mysis stage are very short in the 1st post-larva. 1'he 
spine on the 6th somite disappears on passing into the 2nd post-larva, while 
that on the 5th somite disappears in the 5th post-larva. 

As in the mysis stage, the 6th somite is much longer than the other 
somites in the beginning of the post-larval stage. With successive eedysis, 
however, it gradually shortens. As will be seen from Table 9, E and Fig. 27, 
E, the length of the 6th somite is 86.1 per cent of the ler^gth from the 1st 
to the 5th somites in the 1st post-larva, gradually decreasing, however, to 40 
per cent in the 16th post-larva, whence it becomes almost invariable. 

The ratio of body-length to the length of the entire abdomen is, as shown 
in Table 9, D and Fig. 27, D, from 50 to 60 per cent, beyond which it does 
not change much. 

Telson and Uropod (Fig. 28; PI, XXXVI): Although a small notch still persists 
on the middle part of the tip of telsoh during the 1st and 2nd post-larvae, 
this notch disappears completely in the 3rd post-larva, becoming straight as if 
it had been amputated. The tip gradually projects outward from the 4th post¬ 
larva. A tiny projection that shows itself on the middle part of the tip in the 
5th post-larva gradually extends with successive eedysis. When the tip of the 
telson gradually assumes a convex shape and the projection in the middle 
gradually becomes larger, the number of spines on the tip gradually diminishes. 
The 3 lateral pairs of spines do not, however, disappear, but still remain when 
the adult stage is reached. These 3 pairs of spines on the telson are one of 
the characteristics of P. japonicus. The spine formula for the respective sub¬ 
stages of the post-larva as given in Table 11 is 8^ 8 from the 1st to the 7th 
post-larva, same as at the mysis stage. From the 8th post-larva, however, 
there is the decrease of a pair with every eedysis until it becomes 4 4-4 in 
the 11th post-larva, which stops decreasing on becoming 34-3 in the 14th post¬ 
larva. The disappearance of these spines, however, is not regular. It may 
lose 2 pairs at one time, or it may lose only half a pair leaving behind the 
other half. 

The groove on the median line on the surface of the telson may be faintly 
seen from the 8th post-larva and rather clearly in the 10th post-larva. 4 fea¬ 
thered setae on the tip and 10 each on the lateral sides appear in the 5th 
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post-larva. The number of these setae increases with every ecdysis. 

As shown in Table 9. F and Fig. 27. F, the ratio between the telson and 
the body-length shows scarcely any change in that at the beginning of the 
post-larva and that at tihe end. 



Fig. 2K Telson in post*larval stage, Roman numerals show number of substages. 


Table 11 

Spine formula of post-larval stage 


Substage 

Spine 

formula 


I 

II 

III i IV 

1 

84-8 

8+8 

8+8! 8+8 

_ 




V : VI 1 VII i VIII. IX , X 


XI ; XII 


XTIT! XIV 


8+8 18+818-1-817+7 

! i 


6+6] 5-1-5 14+4 44 4 4+413+3 


The uropod is almost the same as that in the 3rd mysis as in the 1st 
post-larva, the exopodite is slightly longer than the endopodite, but a little 
shorter than the telson. In the 5th post-larva, the uropod is longer than the 
telson, whence forward the ratio between the two gradually widens. In the 
l4th post-larva the uropod becomes li times as long as the telson, no marked 
changes being seen afterwards. The setae around the exopodite and endo¬ 
podite increase in number with repeated ecdysis. 
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First Antenna (PI. XXXVII): - The change in the 1st antenna may be seen in 
the 1st joint and the 2 branches on the tip of the 3rd joint; hardly any change 
is ‘^een in the 2nd and 3rd joints. 

The 1st joint, which is longer than that of the others, is twice or more 
longer than the 2nd one. There are scarcely any marked differences in the 
beginning of the po^t-larva compared with the 3rd mysis. The 1st joint slightly 
turns back- and upward in the middle, the otolith being visible at its ba^e. A 
sharp spine is found in the center of the inside. In the 1th post-larva, that part 
where the eye joints, becomes rather hollowed, where the setae grow thickly 
around it. The otolith is found where the base of the hollow is deep, which 

hol ow, however, shallows toward the tip. The structure of the base of the 

hollow becomes complicated with every eedysis. In the 8th post-larva, the 
prosartema (Bate 1888), which grows in innerside gradually hmgthens. Upon 
reaching the 22nd post-larva, the length of the prosartema becomes almost .1 
that of the 1st joint with long, soft cilia growing around its periphery. At 
the 8th post-larva, a sharp tooth grows on the opposite side of the prosartcfiia, 
which tooth also gradually develops hut is not so long as the prosartema. In 
the 22nd post-larva, the length of the sharp tooth is slightly less than the 
prosartema with long cilia growing around its circumference. The sharp spine 
on the inside that was present during the beginning of the post-larval stage 

persists until the 8th post-larva, whence it disappears, being replaced by a 

sharp spine on the exterior tip at the boundary of the second joint. Very 
few setae are found on the lateral side of the 1st joint during the beginning 
of the post-larva, but they increase as in the case of the 2nd and 3rd joints 
with every eedysis. 

The 2 branches on the tip of th<* 3rd joint scarcely differ in the 1 st post¬ 
larva from that in the 3rd mysis. The inner branch consists of 3 joints and 
the outer branch of 2. The number of segments of the 2 branches increases 
with every eedysis (See Table 12). The ratio of length of the outer branch 


Table 12 

Number of segments in the branches of 1st antenna in post-larval stage 


Substage 

I 

U 

111 

IV 

! V 

.VI 

1 VII 

1 VIII 

1 

X 

XI 

Branch 

1 

^ 1 

1 





1 



1 


Inner 

3 

f 4 

4 

5 

5 


6 

6 

8 

9 

9 

Outer 

Z 



3 

5 

5 

7 

7 

8 


10 


XII 

1 

1 Xlll 

1 

XIV 1 

1 

1 XV 

1 

XVI 1 

1 

,XVII 

1 

XVII1 

XIX 

XX 

XXI 

1 

1 

1 XXII 

i 

1 

lid 

13 

1 

15 

1 

16 

17 1 

17 

17 

17 

18 

I 

49 1 

20 “ 


11 

12 

1 

14 

15 

1 

16 1 

1 

1 16 ! 

1 1 

16 

16 

16 

19 

21 
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to that of the inner is large during the period from the 1st to the 3rd post¬ 
larva, the outer branch being almost § as large as the inner. The difference 
in ratio between the two branches decreases later, the lengths of the two be¬ 
coming almost the same in the 13th post-larva. The length and position of 
the sensory hair which, at the beginning of the post-larva, does not differ from 
that in the mysis stage, is located on the tip of the outer branch and near 
the tip of the side. In the 4th post-larva, however, there is no sensory hair 
on the joint al the tip, but only on the 2nd joint. In the 5th post-larva, there 
is none on the 2nd joint at the tip, but on the 3 rear joints. With the in- 
cr(*ase in the number of segments later, there is none at the 4lh and the 5th 
joints at the tip, but only on the lower segments. With incn^ase in the number 
of segments, those both at and near the tip taper, compared with those on 
the base a feature that is especially notable on the outer branch. 

Second Antenna (FI. XXXVllI) : — There is scarcely any difference at the be¬ 
ginning of the post-larval •-tage compared with that in the 3rd mysis. 'fhe 
swelling of the green gland appears on the inner side of the 1st joint of the 
peduncle. The size of this knot gradually diminishes until it can scarcely Ik* 
seen in the 9th post-larva. 

Until the 4th post-larva the exopodite or scaphocerite is the same as that 
in the 3rd mysis. It is of sheath-shape, the lower half being smaller than the 
upper. The width of the upi)er and lower halves is same in the 5th post-larva. 
The lower half then gradually becomes wider Than the upper half, while its 
exterior edge becomes thick and strong. The number of .setae on the lip and 
on the inside increases with every ecdy.sis and their lengths gradually shorten. 

The endopodite, which is shorter than the exopodite in the 1st [)ost-larva 
and which becomes of almost the same length in the 2nd po.st-larva. rapidly 
grows longer with every ecdysis, eventually becoming approximately .1 the body- 
length in the 7th post-larva, while in the 14th post-larva, it becomes longer 
than the body-length, and in the 22nd post-larva almost li limes that of the 
body-length (Table 13). 'Fhe number of .segments also rapidly in<Teases with 
growth. 


Fable 13 

liatio of body-length to flagellum of 2nd antenna at post-larval stage 


flagt^llum 
liodv-length 


X 100 



Mandible (PI. XXXIX): - In the 1st post-larva, the number of teeth in the 
grasping part of the mandible or the psalistoma decreases, but they become 
very sharp compared with what they were in the preceding stage. The number 
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of surface teeth in its grinding part or the molar process also decreases. The 
edge between the former and the latter becomes as keen as that of a razor. 
The teeth of the psalistoma and the molar process decrease in number with 
every ecdysis, while in the 4th post-larva the molar process loses its teeth and 
becomes flat and smooth leaving only 2 or 3 strong sharp teeth of the psali¬ 
stoma which at the 20th post-iarva also loses its teeth, the pointed tip of the 
masticatory surface becoming smooth and strong. 

The synaphipod which developed during the mysis stage becomes longer 
in the 1st post-larva, having 5 setae on its tip and 3 or 4 on its periphery. 
The synaphipod has 2 joints or only one in the 1st post-larva, whereas in the 
2nd post-larva it invariably has 2 joints, the 1st with 3 or 4 setae on the side 
and several short setae near the boundary of the 2nd joint, the last-named 
being round with 8 or 10 setae on its periphery. Full development of the 
2nd joint follows later with every ecdysis, eventually becoming flat. The setae 
on the periphery become plumose and gradually increase in number. Upon 
reaching the 6th post-larva later, the circumference is found to have a thick 
growth of setae. With only the number of setae on its lateral side increasing, 
there is scarcely any change in the 1st joint. 

First Maxilla (PI. XL): — The 2 lobes of the peduncle in the post-larvae 
which are well-developed compared with that in the mysis become sharper 
with increasing setae on the inner side with every ecdysis. Of the 2 lobes, the 
2nd is always bigger than the 1st, the difference in size between the 2, although 
most marked at the beginning of the post-larva, is not so noticeable at the 
concluding stage. In the 9th post-larva, a growth of setae is seen on the 
exterior side of the peduncle; this growth does not increase much in the later 
larvae. 

Although the endopodite degenerates in the 1st post-larva and loses all its 
setae in the 2nd post larva, it begins to develop again from the 5th post-larva 
with one long seta in the inner side near its tip. A new seta appears inside 
in the 7th post-larva, with from 6 to 7 short setae appearing on the lower 
outside. The lower half of the endopodite is proportionately large and its tip 
slender. This tendency strengthens with ecdysis, the tip slightly projecting in 
the 9th post-larva, which projection develops suddenly with every ecdysis. In 
the 9th post-larva, there are 3 setae inside and 7 outside. One of the 3 setae 
inside is located near the tip, while the other 2 are in a lower position, thus 
apparently divided into two parts. When it has passed into the 12th post-larva^ 
there are 11 or 12 setae outside, while there are 2 setae on the upper part 
and 3 on the lower part, besides more in different places. In the 15th post¬ 
larva, a long seta appears on the tip, 9 or 10 on the exterior side, and 5 or 

6 at the lower part inside. The setae on the tip number 4 in the 17th post¬ 
larva, while from 8 to 10 appear on the tip and its vicinity in the 20th post¬ 

larva. 5 small teeth appear near the outside in the 15th. post-larva, the number 
of which neither increases nor decreases with ecdysis. The number of setae on 
the outside increases with every ecdysis, while those on the lower part inside 
show little increase. . A number of setae appear in the middle inside in the 
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17th post-larva. With loss of the setae in the 20th post-larva there develops 
a long spine. ^ 

Second Maxilla (PI. XLI): - -The inner side of the. peduncle divides into 1 
lobes in the 1st post-larva, the 4th lobe being the largest, followed bv ihe 1st 
and the 2nd the smallest. The number of setae in each lobe decrease's when 
compared with those in the 3rd mysis. Compared with the 3rd mysis the 
endopodite greatly degenerates. Although having 3 joints the setae almost 
disappear, there remaining only 2 or 3 very short ones on the 3rd joint. The 
scaphognathite, which is well developed, becomes larger compared with that in 
the 3rd mysis, having from 26 to 28 plumose setae on its periphery. 

In general, during the 2nd post-larva each lobe of the peduncle becomes 
smaller compared with that in the preceding substage. The 1st lobe is es¬ 
pecially small having only one seta on its tip. The 2nd lobe, which is com¬ 
paratively larger than the Isl, has 2 setae on the tip. The 3rd and Ith lobes 
are the saint* as in the preceding substage. The endopodite, furthermore, de¬ 
generates and becomes smaller than in the preceding substage entirely losing 
its joints and setae. The scaphognathite furthermore is larger than in the 
pn*coding sul>stage having from 33 to 35 plumose setae. 

Although the number of its setae increases with every eedysis, the sh«)pe 
of each lobe of the peduncle does not change much. 

In the 5th post-larva, the endopodite has several small tee'th on its tip 
besides a number of small setae lower down, the number of which gradually 
increases with every eedysis. 

The scaphognathite tully develops with every eedysis, becomes larg(‘r, and 
the number of plumose S('tae on its periphery also increases. After the 5th 
post-larva, it becomes the jirincipal part of this appendage subordinating the 
other peduncle and endopodite. 

First Maxillipede (1^1. XLll) : -In the 1st post-larva, the inside of the pe¬ 
duncle consists of 2 lobes, the 1st lobe sometimes bedng subdivided into 2 
more lobes. The Jst lobe has 7 to 10 .setae, while the 2nd lol)e has from 17 
to 20. The fMidopodite has markedly degenerated compared with that in the 
3rd mysis and does not have any joints, having 3 setae on the tip and 3 on 
the side. The exopodile also has greatly degenerated, not having any setae. 
The mastigobranchial. plate (mb) which newly developed in the 2nd mysis 
exceeds the size. 

Scarcely any striking changes are noted in the peduncle in the 2nd post¬ 
larva. The endopodite, furthermore, has degenerated and become smalhr than 
the exopodite with only 2 setae. The exopodite becomes slightly larger and 
flat compared with that in the preceding substage. The mastigobranchial plali', 
further, becomes larger and flat. 

Later, in every eedysis the setae on the lobes of the peduncle increase 
and the adjoining part between the peduncle and the lobes narrows. 

From the 4th post-larva, the endopodite begins to develop again becoming 
longer and slender. In the 8th post-larva, it consists of 4 joints and slightly 
curves. Of the 4 joints the 1st the longe.st, being as long as the combined 
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lengths of the other 3 joints. The length from the 2nd to the 4th joint is 
almost the same. Until the 8th post-larva, this branch has only a few setae on 
its lower part, while 5 or 6 setae develop regularly in a row on the 1st joint 
upon reaching the 9th posl-larva. This group of setae does not increase in 
number with later eedysis, only a few setae from those on the 2nd to the 4th 
joints in the 9th post-larva increasing with every eedysis. The length of the 
endopodite, v\hirh is shorter than the exopodite until the 1 Jth post-larva, gradu¬ 
ally gets longer than the exopodite later. 

In the 4th post-larva wdth every eedysis, the exopodite gradually develops 
with setae growing on its tij) and neighbourhood, the setae gradually increasing 
in number around the entire periphery also with every eedysis. 

Setae grow on the mastigobranchial plate for the first time upon passing 
into the lOth post-larva, its number increasing with later eedysis. 

Second Maxillipede (PI. XI Jll) : — In the Jst post-larva the 1st of the 2 
joints of the peduncle has 3 setae on the inner side, w^hile the 2nd joint has 
7 there. The endopodite with 5 joints i'- better developed than in the 3rd 
mysis. The 2nd of the 5 joints is the longest, being twice as large as the 
others. The 3 joints on the upper part curve inward. The 1st and 2nd 
joints have from 3 to 5 setae on the inner side, while only the 3rd joint has 
1 or 2 setae on the outside. The 4th joint has I seta inside and 4 on the 
out, while the 5th joint has 7 or 8 setae on the tip and its neighbourhood. 
The exopodite, which has greatly degenerated, is destitute of setae. The 
mastigobranchia (mb) is, furthermore, better developed than in the 3rd mysis. 

in the 2nd post-larva, the 3 joints on the upper part of the endopodite 
curve further inward, while the exopodite falls off. A podobranchia (pb) on 
the upper part of the mastigobranchia and an arlhrobranchia (ab) on the lower 
part appear anew. 

The 3 joints on the upper part of the endopodite later curve greatly in¬ 
ward with every eedysis. After the 5th post-larva the 2 joints on the tip 
folding up on the 3rd joint almost joint the inside of the 2nd joint. Including 
the 2 joints of the peduncle the number of setae on eetch joint increases with 
every eedysis. 

On reaching the 9th post-larva, the exopodite (ex) reappears outside of 
the 2nd joint of the peduncle lengthening later with every eedysis and in the 
12th post-larva becoming half as long or longer than the endopodite. Several 
setae appear on its tip and vicinity. Upon reaching the 15th post-larva, its 
length exceeds that of the endopodite, and more than 20 plumose setae appear 
on the upper part and the tip. In the 17th post-larva, its length increases to 
l.l times that of the endopodite with dense plumose setae around the periphery. 
Its length is nearly twice that of the endopodite in the 20th post-larva. 

The tip of the mastigobranchia (mb) sharpens in the 4th post-larva with 
3 long setae appearing on its tip in the 5th post-larva. In the 7th post-larva 
it becomes slender with increase in the number of setae around its periphery. 
Its shape gradually becomes palmate with later eedysis and dense setae appear 
around the circumference. The podobranchia (pb) and arthrobranchia (ab) 
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which newly appeared in the 2nd post-larva gradually assume a Jobulate form 
developing with every ecdysis. Another arthrobranchia newly appears in the 
7th post-larva. 

Third Maxillipede (PL XLIV): - Of the 3 pairs of maxillipedes this ap¬ 

pendage undergoes the least change. In the 1st post-larva in the 2 joints of 
the pe>duncle, the 1st joint does not have any setae, the 2nd joint having 2 
setae inside. The endopodite consists of 5 joints, the 2nd being the longest, 
followed hs the 1st and 4 th with the 5th the shortest. From 2 to 4 setae 

appear on the inner side of each joint from the 1st to the 1th, while the Oth 

or terminal joint has 7 setae on its tip and 3 on the inside. The exopodite, 
which is greatly degenerated and is destitute of setae in the 1st post-larva, 
disappears in the 2nd post-larva. The 2 arthrobranchia (ab) are now fairly 
clear. 

'rhe sha[)es of the peduncle and the endopodite scarcely undergo any 

change with later ecdysis, except a slight one In the length of each joint on 
the endopodite. The setae on each joint incrt‘dse with every eedvsis. 2 to 3 
short teeth appear inside of the 1st joint of the endopodite in the 15th post¬ 
larva. which number increases with every ecd\sis. Upon reaching the 20th 
post-larva, from 12 to 15 teeth appear in a row inside. 

The exopodite (ex) that reappears in the 9th post-larva later increases in 
length with every ecdysis with setae growing on its periphery. Its length 
becomes A that of the endopodite in the 20th post-larva with dense growth 
of setae. 

The 2 arlhroliranchiae (ah) that developed in the mysis stage gradually 
become lohulate, developing further with every ecdysis. In the 4th post-larva 
a pleurobranchia (plb) newly develops underneath the arthrobranchiac, becoming 
clear in the 6th post-larva. The mastigobranchia (mb), which first formed in 
the llth post-larva, later becomes palmate as it develops wiih ecdysis later 
and a number of long setae grow ar<mnd the circumference. 

First, second and third Pereiopods (Ph. XLV and XLVI) : The peduncle 
consists of 2 joints and the endopodite of 5. The 4th and the oth joints form 
a chela. Each joint has short setae*, but their number is few if we exclude 
the chela. The exopodite, which greatly degenerates in tli(* 1st po.^t-larva and 
is now destitute of setae, disappears in the 2nd post-larva. 

The length-ratio of 5 joints of the endopodite gradually changes with every 
ecdysis. Of these the ratio between the 3rd joint and the 4th is the most 
mdrked (See Table 14). Of the 3 pairs of cheiae having almost the same 
structure, that of the 3rd pereiopod is selected for illustration here (Fig. 29). 
Its tips become ossified in the 1st post-larva with sharp, shoit setae growing 
densely around its tip. There are no teeth, however, inside the chela. Upon 
reaching the 6th post-larva, 5 teeth each grow in a row inside the chela. 
From & to 10 teeth grow in a row in the llth post-larva, while from 25 to 
28 teeth grow in a row in the 20th post-larva. Besides the .setae on the tips, 
groups of from 5 to 8 setae appear in various places on the chela. 

The exopodite, which is deciduous in the 2nd post-larva, reappears on the 
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outer side of J:he prolopodite in the lOth post-larva. The 3 setae, which grow 
on the tip in the 11th post-larva, grow longer with every eedysis, to say nothing 
of the increase m the number of setae. Its length, however, is not longer 
than that of the peduncle. 


Table 14 


Ratio of 3rd segment to 4th segment of the 1st to 3rd periopods 
in the post-larval stage 


tth seg. 
3id sour 


X 100. 


Substagc' 1 

Pen lopod 1 2 


V 


X 

2 


XV 

1 ^ 3 


XX 
2 3 


300.0 240.0 200 0 142 8 109 3| 152 3 100 0 714 137 0 77 0 56 2 126.0 610 53 3 





Fig 29 Cbeid of 3rd pereiopod in post-larval stage Human numerals show number 
ol subsiages 

The two arthrobranchiae (ah) become lobulate as they develop with every 
eedysis. 

The pleurobranchia (plb) which develops underneath the arthrobranchiae 
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in the 4th post-larva becomes lobulate with gradual development. The mastigo- 
branchia (mb) first formed in the 6th post-larva becomes palmate with every 
ecdysis. Dense setae gradually grows around its circumference. 

Forth and Fifth Pereiopods (Pis. XLV and XLVI) : — The shape of these 
pereiopods is almost the same, except that the 5th pereiopod is slightly longer 
than the 4th. The peduncle consists of 2 joints, the endopodite of 5. The 
4th and 5th joints do not constitute the chela. The exopodite, w^hich was 
present in the 1st post-larva with degenerated structure, sloughs off in the 2nd 
post-larva. 

In the 1st post-larva, the 2nd, 3rd and 4th joints of the endopodite are 
almost of the same length, the 1st being slightly longer than \ that of the 
2nd, while the 5th is slightly shorter than the 4th. These lengths scarcely 
change with ecdysis, except that the 1th joint shortens a little compared with 
the 2nd and 3rd joints. 

The exopodite that sloughed away in the 2nd post-larva reappears on the 
Uh pereiopod in the lOth post-larva, and on the oth pereiopod in the 11th 
post-larva. It develot)s later with every ecdysis, with growth of setae on its 
periphery. Its length, however, is not longer than that of the peduncle. It 
is on the 2nd and 3rd maxillipedcs that the secondary exopodites> become 
longer, although they do not develop on the 5 pairs of pereiopods. 

The one arthrobranchia (ab) that appeared on the 4th pereiopod in the 
3rd mysis becom€*s clear in the 1st post-larva, gradually lobulate, developing 
with later ecdysis. The 1st to 3rd pereiopods, all have 2 arthrobranchiae 
each, w’hereas the Ith pereiopod has only one. This arthrobranchia does not 
appear in the oth pereiopod. The pleurobranchia fplh) appears on the 1th 
pereiopod in the 6th [)ost-larva, while on the 5th pereiopod it first appeared 
in the 8Lh post-larva. 

Thv Plropods (Fig, 30) : -- As already described, the pleopods attain full de¬ 
velopment in the post-larval stage and serve for swimming. The 1st of the 5 
pairs of pleopods develop but slowly compared with the remaining 4 pairs. 
Since all the 4 pairs of pleopods develop almost similarly, the 2nd pair of 
pleopods is here described. 

The peduncle always has no joints. The stem is uniramous during the 
period from the Ut to the 7th post-larva. The setae of stem number 2 on 
the tip and from 4 to 5 each on both sides in the 1st post-larva. The length 
of these setae is slightly less than the stem. The number of setae on both 
sides later increases with every ecdysis, growing densely on the periphery in 
the 15th post-larva. In conti’ast with the increasing number of setae, they 
gradually shorten in length until they become only ^ of the stem in the 15th 
post-larva. 

On reaching the 8th post-larva, it develops for the first time a tiny inner 
branch, having no setae yet. It later gradually develops with every ecdysis 
with gradual growth of setae on its periphery. In the 15th post-larva, the 
length of the inner branch increases to ^ that of the outer branch, and in 
the 20th post-larva to f the outer branch. 
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F'lg. 30. 2nt] pleopod in po.st-larval stage. Homan numerals shows number of substages. 

Branchial Formation: - Althouiih something was touched on the formation of 
the gills in describing the development of appendages, the matter is [)riefly 
summarized here again for convenience (See Table 15). 

The arthrobranchia which appears one each on the 3rd maxillipede and 
the following 3 pairs of pereiopods in the 1st raysis, is yet very tiny and 
often scarcely visible, an additional tiny arthrobranchia appearing on these 
appendages upon reaching the 2nd mysis. Besides these arthrobranchiae a 
mastigobranchia appears on the 1st and 2nd maxillipedes in the 2nd mysis. 
The arthrobranchiae that appeared in the preceding substage becomes slightly 
larger in the 3rd mysis, while a tiny arthrobranchia appears also on the 4th 
pereiopod. 
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Table 15 

The branchial formula 

mp, maxillipodo; pr, pcreiopod; r, rudiment 
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There are the same number of gills in the* 1st post-larva as in the »lrd 
mysis no new gills appearing in this suhstage, the gills that appeared in the 
preceding stage becoming distinct. A podobranctiia and an arthrobranchia 
appear on the 2nd maxillipede in the 2nd post-larva. Only the 2nd maxillipede 
has a podobranchia, the last-named never appearing on the other appendages. 
No new gills appear in the 3rd post-larva. One pleurobranchia each appears 
on the 3rd maxillipede and on the successive 3 pairs of pereiopods upon reach¬ 
ing the 4th post-larva. In the 6th post-larva one mastigohranchia each appears 
on the first 3 pereiopods and one pleurobranchia on the 4th pereiopod. An 
additional arthrobranchia appears on the 2nd maxillipede in the 7 post-larva. 
One pleurobranchia appears on the 5th pereiopod in the 8th post-larva. In 
the llth post-larva one mastigohranchia appears on the 3rd maxillipede. The 
number of gills in the llth post-larva becomes the same as that in the adult 
prawn. 
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IV. Rearing 

i. fe' 

Since this prawn spawns at night, as described in the previous chapter, 
its eggs must be gathered during the night. As already mentioned, a prawn 
20 cm long spawns approximately 700,000 eggs, which, however, are the number 
in the ovary removed when the eggs become separated in it as the result of 
the melting of their germinal vesicles before spawning. To gather all the eggs 
that have been spawned in the breeding pond is an impossibility. The writer 
could ol>tain from a single prawn from 100,000 to 200,000 eggs. 

Approximately 10,000 of these gathered eggs are placed in a cylindrical 
gla^JS receptacle of 20 cm diameter and 15 cm deep, filled with sea-water that 
has lieen carefully filtej*ed in a filler-bucket containing layers of charcoal, sand 
and pebbles. Any large quantity of refuse in the soa-Wiiter will deposit on 
the bottom of the vessel and (onglutinate the egg-surface, interfering with the 
hatching. Although it is ne(*essary to purify the sea-wat('r for breeding nau- 
plius, 700 1 and mysis, filtration mav he dispensed with whtm thov reach the 
post-larval stage. With this method, the eggs hatch in the glass receptacle 
abov(» numtioned in from !3 to 11 hours, the water-temperature being from 
27’ to 29'(\ There is no necessity for changing the sea-water or stirring it 
during this period. 

Relation between Salinity and Ilatch-Pcrcentof'e: In order to stud} lh(‘ relation 
between salinity and the hatch-p<Tcentag(' of the eggs, the writer bred ^ome 
selected eggs in sea-water of various salinities. The receptacU' for this purpose 
was a glass cylinder 13 cm diameter and 10 cm deep containing sea-water. 
Well-water was added to the sea-water when low salinity was required, while 
coarse salt Avas added to the s('a-water w^hen a high salinit> was de\sired. The 
eggs used for the experiments were from the S-cell stage* to the morula. 200 
eggs wen* placed in each receptacle. 

From th(* experimental result given in Table 16 and Fig. 31, incubation is 
possible when the salinity is 23.0joo, hut larvae hatched in water of this salinity 
ar<* so weak that the\ are unable to swim, all dying after a lapse of 2 hours. 
Larvae hatched in whaler of 26/5,o salinity are also fairly weak, although they 
swim towards the light. They too gradually weakened and the m.ijority died 
after a lapse of 30 hours with scarcely any of them passing into zoea. Larvae 
hatched in water of over 27/5,o salinity being robust, the majority of them pass 
into zoea, but if the salinity exceeds 39,%i the hatch-percentage gradually drops, 
and when it reaches ll/fejl, hatching stops entirely. Although the percentage 
of hatch drops with high salinity, the hatched larvae are strong and do not 
die. The most suitable salinity for hatching the eggs lies between 27 and 39^. 
Hatch-Percentage of Egg Selected at Random: I'he writer selected 1,000 eggs 
at random from those that were spawned by a single prawn and counted the 
number that hatched with the object of arriving at the percentage of hatch. 
The result of 20 such counts will be seen from Table 17, The receptacle 
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Table 16 

Relation of survival percentage of the eggs to salinity, incubated for 15 liouis 

Water temp. 26.5**C 28.3^0 


No. 

Salinity 

Eggs 

1st nuiiplius 



(beginning) 

(end; 


1 

16.0 

200 

0 

0 

2 

19.0 

0 

0 

3 

23.0 

126 

63.0 

4 

26.0 

.. 137 

68.5 

5 

27.0 

' 136 

68.0 

6 

29.0 

! 143 

71.5 

7 

32.0 

„ 1 179 

89f5 

8 

33.0 


190 

95.0 

9 

35.0 

99 

176 

88.0 

10 

37.0 


151 

75.5 

11 

39.0 

»» 

115 

57.5 

12 

41.2 

1 55 i 

27.5 

13 

42.5 

”1 i 

23.5 

14 

43.0 


9.5 

15 

44.0 

"I « i 

0 

16 

45.6 

..1 0 1 

0 



Fig. 31. Survival percentage of eggs in relation to salinity, incubated for 15 hours, 
water temperature 26.5®C-28.3“C. 
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Table 17 

Survival percent<ij?e of the eggs reared for 18 hours 


No 


ist nauplius 
frul 

<9 

C* 

Salinitv 

0 

0* 

Walter tomp. 

op 

1 

1 

1,000 

769 

76.9 

29.04 

27.0-28.5 

2 


65/1 

65.4 

29..52 

26.5 28.0 

.J 


699 

69.9 

28.75 

27.5 28.5 

1 


775 

77.5 

.10.86 

27.0 28.1 

r» 


907 

90.7 

30.,59 

27.0 29.0 

(i 


901 

90.1 

30..50 

26.5 28.0 

7 


629 

62.9 

31. (JO 

27.0 28.5 

S 


703 

70.3 

27.19 

25.0 27.0 

9 


780 

78.0 

27.19 

25.5 26.0 

1(1 


812 

81.2 

29.90 

26.8 27.5 

11 


540 

54.0 

30.68 

26.6-28.0 

\2 


6(i8 

6(1.8 

31.10 

27.2 28.5 

\:\ 


775 

77.5 

30.96 

27.0 29.0 

11 


780 

78.0 

30.88 

26.0 27.0 

In 


198 

19.8 

32.15 

27.1 29.0 

IfJ 


552 

55.2 

31.15 

27.1 29.0 

17 

„ 1 

838 

83.8 

33.02 

26.5 27.5 

1« 


530 

53.0 

32.88 

26.5 28.0 

19 


93;^ 

9.3.3 

32.18 

27.1-28.5 

20 


3 >8 

38*3 

32.10 

26.5 27.5 

Ti>lal anti 
averaf»<» 

20,000 

14.131 

70.6 

30.68 

26.7 28.0 


Used was the same as that just described. The lowest salinity was 27.19^o 
and the highest 33.02^, these being quite similar to the salinity of their natural 
habitat along the coast of the Inland Sea. The lowest percentage of hatch 
was 38.8 and the highest 90.7, but on the whole from 70 to 80. The highest 
hatch percentage exceeded twice that of the lowest. In this case, the two 
salinities were both higher than 30/oo showing that difference in salinity is not 
correlated with difference in hatch-percentages. Since the eggs for test were 
selected at random from a very large number with the contingency that the 
selection may have inadvertently comprised a large number of eggs that were 
suited for hatching and vice versa. The main reason, however, lies in differences 
in the methods of spawning eggs and in the hardiness or weakness of the adult 
prawns. When a strong prawn spawns its eggs while in the act of swimming, 
the percentage of hatch is large, but when a weak prawn spawns its eggs by 
moving its pleopods on the sea-bottom without swimming, the percentage of 
hatched eggs is small. 
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ii. Nauplius 

As already mentioned, breeding is comparatively easy in the nauplius stage, 
since the yolk is contained in the body. The writer always breeds the nauplius 
that have hatched from the eggs in the same receptacle and the sea-water 
that were used in hatching the eggs always ensured good results. 

Relation between Salinity and Nauplius: - As in the case of eggs, when 
studying the relation between nauplius and salinity, the writer added well-water 
into sea-water in order to lower the salinity and added coarse salt in order to 
raise, which method was also used in studying the relation between salinity 
and mysis, and between salinity and post-larvae. The receptacle used w^as a 
glass cylinder, 15 cm dia. and 1.5 cm deep. 200 1st nauplius were bred in 
each glass receptacle and removed them from the receptaclejs as soon as they 
became the 1st zoea, and counted them. As will be seen from Table 18 and 

Table 18 

Relation between salinity and nauplius reared for .38 hours 
Water-tfmp. 25. - 29.5‘’C 


No, 

Salinity 

/M 

Ist nauplius j 
.be^innin^) 

1st zoea 
(.end) 


1 

16.0 

200 

0 

0 

2 

19.0 


0 

0 


23.0 


0 

0 

4 

20.0 


3 

1.5 

5 

27.0 


182 

90.5 

6 

29.0 


153 

76.5 

7 

32.0 


198 

99.0 

8 

, 33.0 


191 

95.0 

9 

35.0 


181 

90.5 

10 

37.0 


190 

95.0 

11 

39.0 

'* 1 

18*1 

92.0 

12 

40.2 


0 

3.0 

13 

41.2 


6 

3.0 

14 

42.5 


0 

0 

15 

: 43.0 


0 

0 


Fig. 32, the experiments showed that none became 1st zoea in water of less 
than 23^0 salinity; a few became 1st zoea in water of 26%. In 23^o, all 
the nauplius died without undergoing a single ecdysis, whereas in 26,^io the 
majority of them died after 3 or 4 ecdyses. Nauplius suddenly regained their 
strength in water of over 27%, the majority passing into 1st zoea. Very 
satisfactory results were obtained in water of high salinity up to 39,^o, but 
above 40% condition suddenly changed for the worse, only a few passing into 
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1st /oea, while the majority died alter 3 or 4 ecdyse**. In water exceeding 
i2%, none passed into 1st zoea, all dying after 1 or 2 ocdyses. The best 
salinity for nauplius is from 27 to 39%. 

% 



Fig 32 Relation of salinity to nauphua ioared for 38 houis, water tem]>eraturo 
25.8X-29.5X 


Survival Percentage of Nauplius: — The percentage of nauplius that become 
1st zoea after breeding from the Isl nauplius, the writer will call the survival 
percentage of nauplius. The result of 20 experiments is shown in Table 19, 
from which it will be seen that the lowest of these survivals is 68,3 9^ and 
the highest, 99.5 There are 6 intermediate survivals of from 80 9o to 909^, 
and 13 over 90 9^. The viability of nauplius can easily be imagined from 
the above facts. 

Relation between Nauplius and Water-Temperature: ~ln the absence of a 
thermostat in the rather ill-equipped experimental laboratory that we had set 
up on the coast, it was not possible to make our investigations of the relation 
between water-temperature and the larvae very accurately. When it was 
desired to either raise or lower the temperature of the water in the glass 
receptacle, hot water or ice water, as the case may be, was applied outside of 
the receptacle. The glass receptacle used was a cylinder 15 cm dia. and 15 cm 
deep. The larvae used were 1st, 3rd and 6th nauplius, but as the same results 
were obtained with all of them, the writer will deal only with the 3rd nauplius. 

The resistance of nauplius to water of low temperature, as shown in 
Table 20, was very great down to 15®C, the larvae swimming about the sur- 
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face of the water. At 13°C their movements became less energetic. At water- 
temperature below 10°C, all the larvae sank to the bottom of the receptacle 
moving only their appendages. At temperature below 8°C, the majority fell 
into a syncopic state, with only few moving their appendages; at below 7.5°C 
they all fell into the same state, and all died after a lapse of over 3 hours. 


Table 19 

Survival percentage of nauplius reared for 40 hours 


No. 

Isi nauplius 
, (beginning) 

1st zoea 
(end) 

1 

' % 

1 

1 Salinity 

Water temp. 

1 

2G1 

242 

92.7 

27.16 

26.0-29.0 

2 

700 

689 

i 98.4 

29.04 

26.9-29.0 

3 

600 

597 

99.5 

29.52 

25.7-27.8 

4 

600 

596 

99.5 

28.75 

25.6 28.3 

5 

700 

649 

92.7 

30.86 

25.4-26.8 

6 

900 

893 

99.2 

30.59 

26.7-27.3 

7 

600 

5:» 

89.7 

31.60 

24.6-27.2 

8 

700 

695 

99.2 

27.19 

26.4-27.4 

9 

, 800 

783 

98.0 

27.19 

26.3-27.1 

10 

800 

711 

88.9 

29.90 

27.1-27.3 

11 

540 

476 

88.1 1 

i :30.68 ' 

27.3-27.7 

12 

775 

701 1 

1 90.5 1 

1 30.96 1 

27.1 29.8 

13 

498 

493 

; 99.0 

i 32.45 1 

26.1-27.4 

14 

552 

506 i 

j 

! 91.7 

1 

.31.13 1 

26.7-28.6 

15 

530 

515 

1 97.2 

32.88 

27.1-29.1 

16 

j 933 

883 

94.6 

27.40 ! 

27.3-29.7 

17 

388 

3:38 

87.1 

32.40 i 

27.5 28.5 

18 

838 

572 1 

! 68.3 

33.02 j 

27.1-28.6 

19 

: 200 ; 

179 ’ 

89.5 

32.50 j 

28.7-29.6 

20 

114 

98 1 

86.0 

27.10 j 

27.6-30.9 

Total and 
^rage 

j 12,029 

11,159 [ 

92.7 

30.11 j 

26.6-28.4 


The resistance of larvae to high water-temperature, as will be seen from 
Table 21, was very stitisfactory up to 34°C, when most of them were seen 
swimming on the surface, but around 30?C, although they moved their ap¬ 
pendages briskly, they became somewhat less active, most of them swimming 
in mid-depth, with only a few swimming on the surface. Above 38°C, the 
majority swam at lower depth, while some of them frequently fell into a state 
of syncope, whereas after a lapse of over 30 minutes, most of them fell into 
a syncopic state, and all were dead after 2 hours. 

From these experiments, it was found that the most suitable water-tempera¬ 
ture for nauplius life is from 15° to 34°C. 
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Table 20 

Relation between 3rd nauplius and low water>temperature 

Salinity, 30.5^, 30 specimens examined. 

Time elapsed ' Water temp. Remarks 

hr. min. 

0 25,5 All larvae swim vigourously in upper layer. 

30 20.2 

1 00 18.2 

1 30 15.0 

2 00 13.0 Movement of appendages, somewhat sluggish, but many larvae 

swim in upper layer. 

2 30 11.0 Some larvae swim in lower layer, but most of them in upper 

and middle layer. 

3 00 11.0 

3 30 11.2 Many larvae swim in lower layer; only few in upper and 

middle layer. 

4 00 9.2 All larv'ae sink to the bottom and fciebly move their appendages. 

4 30 9.0 

5 00 7.9 Most asphyxiat, and a very few move thc’ir appendages feebly. 

5 30 7.5 All asphyxial. 


Table 21 

Relation betweei 3rd nauplius and high water-temperature 

Salinity, 30.5^,^, 30 Specimens examined. 


Time elapsed 

Water temp. 

Remarks 

hr. 

min. 

24.0 

All larvae swim actively in upper layt'r. 


30 

28.0 


1 

00 

29.5 


1 

30 

31.2 


2 

00 

33.0 


2 

30 

:i4.o 


3 

(K) 

35.9 

, i 

All larvae move appendages rapidly, but most of them swim in, 
middle layer, a few only in the upper. 

3 

30 : 

' 36.3 


4 

(X) 

37.2 

Most swim ill middle and lower layer, none in upper. 

4 

30 

3«.3 

Most swim in lower layer, some are asphyxial. 

5 

00 

i 3«.5 

All larvae asphyxial. 


iii. Tkfea 

The yolk which was in the body is entirely absorbed during that period 
when the larva passes from 6th nauplius to 1st zoea. The larvae, which at 
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the period of transformation are fairly robust, weaken considerably after lapse 
of 1 day and night. If proper food in substantial amounts is not given them, 
the majority of them die before passing into 2nd zoea. Breeding larvae of 
this prawn is the most difficult in the zoea stage. Heldt (1939) succeeded in 
enabling 15 moults of P. trisulcatus by daily supplies of copepoda, which she 
gathered for feeding the zoea. She, however, bred only a few zoea for ex¬ 
perimental purposes and did not succeed in breeding any large number of 
them. If it is a matter of breeding only a small number of zoea for experi¬ 
mental purposes, passage into mysis can be satisfactorily accomplished by giving 
the nauplius of this prawn itself. The zoea, however, seems to lack the initia¬ 
tive for searching for its own food, only eating whatever food comes on its 
way while swimming in the upper and middle depths, and it dies eventually 
if there is no food in the vicinity. Its food, therefore, must be of a kind 
that will always float in the water. 

A large quantity of food must always be placed in the receptacle if one 
is to breed large number of zoea in a small receptacle. From the writer’s 
experience, he believes that diatoms are the food that best meets this require¬ 
ment, so that they should be cultured at hand as the source of food ; no other 
methods have here so far availed. 

Allen and Nelson (1902) have given 18 species of diatoms that could he 
reared; the number including Sheletomema costatum and Nitzschia closterium. 
"Phese 2 species of diatoms were found in the writer’s experiments to be the 
ideal food for zoea of this prawn, particularly the former. Besides P, japonicMs, 
the writer reared the zoea of P. affinis and P. monoceros on Sk, costatum with 
good results. 

The writer is greatly indebted to Mr. Yosiyuki Matue for valuable in¬ 
formation in regard to the rearing of Sk, costatum. The cell size of Sk. 
costatum in the open sea ranges from 10 to 20 /a By selecting the tiniest 
cells and rearing them in a culture flask, it may be seen that they gradually 
diminish in size until after a lapse of 6 months or I year their size drops 
down to from 5 to 7 /a Sk. costatum thus reduced in size is excellent food 
for zoea. The culture fluid is Miquel’s solution modified by Mr. Matue, as 
follows: 

A. KNO,. .. .4.04gr to be dissolved in lOOcc of water and 
stored after boiling once. 

B. Na2HP0j2H20, .. .0.1 gr to be dissolved in lOOcc of 
water and stored after boiling once. 

C. K 2 SiO,i. .. .0.8 gr to be dissolved in lOOcc of water and 
stored after boiling once. 

D. Refined Agar-Agar. .l.Ogr to be dissolved in lOOcc of 
water and heated before use. 

E. FeCls. . . .A drop to be dissolved in 20cc of water. Only 
fresh material to be used. 

The above solutions are added to one liter of sea-water in the proportion of 
lOcc each of A, B and D, 3cc of C and 1 cc of E. The whole after once 
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boiled is to be left to stand for 2 days and nights, after which it is ready for 
use. When for rearing Sh costatum, a volume of 500 cc of this culture solu¬ 
tion is placed in a one-liter culture flask. Since Sk. costatum is weak in strong 
light, direct sun rays should be avoided. The flask should be placed near the 
window facing north for the regular exposure to weak sunlight throughout the- 
day. 

3 days after adding 2 or 3 drops of diatom culture to a flask containing 
this solution at a water-temperature of from 27** to 29*^0 the diatoms will 
flourish to such an extent as to impart a light brown colour to the water in 
the flask. The number of the cell of Sk. costatum is then about 3 x 10' per 
liter. With further multiplication, when the water then turns a dark brown, 
its number is 6-^9 x 10** per liter. 

By this means cultivated diatoms are added daily in suitable quantity to 
the receptacle in which the zoea are reared. A glass cylinder, 20 cm dia. and 
30 cm deep, was used for breeding the zoea. Approximately 3,000 zoea were 
put into one glass receptacle. Upon giving them sufficient diatoms at a water- 
temperature of from 27° to 29°C, after 3 ecdysis the 1 st zoea will pass into a 
1st mysis after about 5 days. 

There is no need for changing the water during this period. In breeding 
zoea, Heldt (1939) always changed a fixed quantity of water in the tube every 
day in order to keep it fresh. According to Pearson (1939), who was unable 
to change the water owing to his experimental laboratory not being yet in 
full working order, breeding of zoea was impossible. The writer thinks, how¬ 
ever, that if suitable quantity of food are given, there is no need to change 
the water or to stir it. 

Although, as in nauplius, larvae in the zoea stage have a tendency to- 
move in the direction of light, strong light should be avoided, because the 
zoea will sink to the bottom of the receptacle and die, should the direct rays 
of the sun strike the side of the receptacle. 

Relation betioeen Zoea and Salinity: — The receptacle used in this experiment 
was a glass cylinder 15 cm dia. and 20 cm deep, and the food Sk. costatum^ 
The experiments showed (See Table 22 and Fig. 33), that they all died in 
water of salinity lower than 26.3% and that the 1st zoea survived to become 
1st mysis in water of 27.3% salinity for the first time. Salinity from 31 to 
32% was suitable, but they all died if it exceeded 36%, so that the salinity 
at which the 1st zoea passed into 1st mysis after 3 ecdyses was from 27 to 
35%. 

Compared with the case of the nauplius stage, the salinity limits are 
narrowed. Larvae did not undergo a single ecdysis in water lower than 26%> 
and died after a single ecdysis with 36%. Not a single ecdysis was possible 
in water higher than 38%. 

Survival Percentage of Zoea: — The survival percentage of zoea is the per¬ 
centage of the number of larvae that pass into 1st mysis after being bred 
from the 1st zoea. The culture receptacles were glass cylinders 15 cm dia. and 
25 cm deep. The results of 20 repeated experiments (Table 23) showed that 
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Table 22 

Relation between salinity and zoea fed on diatoms for 6 days 
Water-temp. 25.0°C-29.rC. 


No. 

Sal ini tv 
oy 
/no 

1st zoea 
rboginning) 

1st mysis 
(end) i 

f<s> 

1 

25.4 

1 200 

0 

0 

2 

20.3 

M 

0 

0 

3 

27.3 

1 

i ** 

19 

9.5 

i 

28.3 

{ 

2 

I.O 

5 

29.1 

1 

9 

1.5 

6 

30.2 

i 

17 

8.5 

7 

31.2 


30 

18.0 

8 

32.1 

1 

41 

20.5 

9 

33.0 

( 

7 

3.5 

10 

" :u.i 


13 

0.5 

11 

35.0 


5 

2.5 

12 

30.0 


0 

0 

18 

37.1 


0 

0 

11 

38. J 


0 

0 



Pi#?' Relation of salinity to fed on diatoms for (S davs^ water temperature 
25°C-i;9.T’C- 

the highest survival percentage was 64.6, the lowest 7.5, and the average per¬ 
centage 27.9. Of the 20 repeated experiments, percentages of from 10 to 20 
outnumbered all others with 5 times, followed by those of from 80 to 10 with 
4 times, and those under 10 and between 20 and 30 with 3 times each. Of 
percentages of from 40 to 50, there were twice, those between 50 to 60 and 
60 to 70 once each, but not a single survival percentage of over 70. The 
writer’s numerous difficulties for many year^ encountered in breeding zoea, 
culminated in success, as shown in Table 23 -* results that he sees no possi¬ 
bilities of bettering at present. 
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Table 23 

Survival percentage of zoea fed on diatoms for 6 days 


No. 

Isc zoea 

1st mvsis 

(beginning) 

(end) 

1 

133 

39 

2 

400 

4:^ 


600 


4 

6(Kt 

314 

5 

600 

388 

a 

400 

22 

7 

900 

315 

8 

300 

36 

9 

800 

96 

10 

476 

40 

11 

400 

30 

12 

500 

99 

13 

200 

65 

14 

500 

242 

15 

500 

129 

16 

500 ! 

133 

17 

883 

186 

18 

500 

71 

19 

500 

155 

20 

500 ' 

161 

Total and 
average 

10,192 

2,852 

_1 



Salinity 

Water temp. 

/O 


°C 

29.3 


— 

10.8 

27.16 

26.1-28.3 

48.0 

29.04 

25.7-28.5 

52.3 

28.75 

25.6-27.3 

64.6 

30.86 

25.8-27.8 

5.4 

30.59 

24.5-27.1 

35.0 

30.59 

24.6-27.1 

12.0 , 

31.60 

24.8-26.9 

12.0 

27.19 

27.0-27.8 

8.4 ' 

30.68 

27.7-28.9 

7.5 

3J.40 

26.2-29 2 

19.8 

- 

26.7-29.3 

32.8 

32.50 

26.7-29.0 

48.4 

:12.45 

26.6-28.5 

25.8 

31.13 

26.7-29.2 

26.6 

32.88 

26.5-29.1 

21.2 

32.48 

1 21.0-27.7 

14.2 

— 

22.8 26.2 

31.0 

— 

22.8-27.6 

32.2 

-* 

— 

27.9 

30.60 

i 26.0-2S.0 


Relation between Zoea and Water Temperature: — The breeding receptacle was 
a glass cylinder 15 cm dia. and 15 cm deep, in which 30 specimens of 1st 
zoea were placed. The experiments using the 2nd and 3rd zoea were almost 
the same as that with the 1st. The resistance to low water-temperature, as 
will be seen from Table 24, was rather feeble at 14‘’C, some larvae sinking 
to the bottom. They all sank to the bottom at ITC, where they only feebly 
moved their appendages while softie fell into a syncope, into which state they 
all fell at 8.5°C in over 3 hours, after then at the same temperature they all 
died. 

Their resistance to high water-temperature will be seen from Table 25* 
They were energetic at 33‘’C, swimming at upper depth, whereas at 34.2°C, 
their movements were so brisk, and their appendages worked so hard as to 
be abnormal. At 39''C most of them fell into a syncopic state and died after 
a lapse of over 1 hour in the same water-temperature. From these experiments, 
the most suitable water-temperature for the raising of the 1st zoea is con* 
jectured from 15** to 33‘*C. 
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Table 24 

Relation between the 1st zoea and low water-temperature 

Salinity 30.0%, 30 specimens examined. 


Time elapsed 

1 Water temp. 

Remarks 

hr. 

min. 

0 

X 

25.5 

All larvae swim vigorously in ui>per layer 


30 

21.0 


1 

00 

19.5 


1 

30 

18.0 


2 

00 

16.5 


2 

30 

15.0 


3 

00 

14.1 

Movements of appendages are somewhat sluggish, some larvae 
sink to bottom. 

3 

30 

13.5 

Most of them sink to bottom and move appendages faintly, few 
of them swim in middle laver. 

4 

00 

12.5 


4 

30 

11.0 

All sink to bottom and move appendages only faintly, some of 
them asphyxial. 

5 

00 

10.4 


5 

30 

8.5 

All larvae asphyxial. 


Table 25 

Relation between 1st zoea and high water temperature 

Salinity, 30.5%, 30 specimens exainini'd. 


Time elapsed 

[ Water temp. 

Remarks 

hi. 

rnin. 

0 

x: 

24.5 

j 

1 All larvae swim actively in upper layer. 


30 

25.9 

1 

1 

00 

29.8 

! 

1 

1 

30 

30.5 

1 

2 

(K) 

32.0 

! 

2 

30 

1 

33.5 


3 

00 

34.2 

All swim in upper layer, but movements of appendages .so rapid 
that they seem to be abnormal. 

3 

30 

35.2 

Some swim in middle and lower layer. 

4 

00 

37.3 

Most sink and creep on bottom, and a few Iving on bottom 
move their appendages convulsively. 

4 

30 

. 39.0 

Most asphyxial. 

5 

00 

39.2 
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iv. Mysis 

Although, as already mentioned, rearing of the zoea stage is very difficult, 
yet with ecdxsis of the 3rd zoea and its passage into the mysis stage the 
creature suddenly gets strong making its rearing easier. As to its food, al¬ 
though it may be bred on the previously mentioned diatoms alone, additional 
good results can be obtained by mixing nauplius of the prawn with the diatoms. 
See and compare Tables 27 and 28. A glass cylinder is also suitable for 
breeding in the mysis stage. 

As will be obvious on examining the structure of the appendages, the 
various refuse in the water are very liable to attach themselves to the body 
in the zoca stage. As the refuse being one of the causes of their death, a 
deeper breeding receptacle is recommended and precautions must be taken to 
see that only the smallest possible number of larvae sink to the bottom. Upon 
their attaining the mysis stage, however, the shortening of their appendages 
diminishes the risk of their dying through fouling themselves with refuse 
w'henever they sink to the bottom. There is then no need of bothering about 
the depth of the receptacle. In the zoea stage particularly the chief difficulty 
is the food problem when one wishes to raise the larvae, whence for larvae 
in stages other than zoea, it may be said that there is scarcely any need for 
special methods of feeding. 

Relations between Mysis and Salinity: The writer has bred 10 1st mysis, 
each in breeding receptacles consisting of a glass cylinder 12 cm dia. and 15 cm 
deep using for food a mixture of Sk. costatum and the nauplius of the prawn 

lablc 26 

Relation between salinity and mysis, fed on diatoms and nauplius for 6 days 

Water t«*mp . 5®--Z9.5®C 


No 

Salvnitv 

0 

‘’M 

1 1st mvsis 

bc^rmnini?) 

1st post lanat* i 
^ <*n(l) 


1 

19.0 

1(1 

0 

0 

Z 

Z3.0 


10 

too 

‘i 

ZO.O 


10 

100 

4 

Z9.0 


10 

100 

r> 

3Z.0 


10 

100 

h 

33.0 


10 

100 

1 

39.3 


10 ' 

100 

8 

40.2 


10 

too 

9 

42.5 


, 1 

^ 100 

10 

M.O 

1 

10 1 

100 

11 

.50.1 

\ 

1 

4 

40 

12 

53.0 

1 

2 1 

20 

13 

54.0 

1 ■" 

> i 

0 
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itself. The experiments showed (See Table 26, Fig. 31) that they all passed 
into 1st post-larva in water having salinity of from 23 to 44.0%. In that of 
19% they all died without any eedysis. In water of 50%, only 1 out of the 
10 1st mysis passed into 1st post-larva, while in that of 53%, only 2 passed 
into 1st post-larva. At 54% they all died without undergoing a single eedysis. 
Therefore, waters with salinity of from 23 to M% are best suited for mysis. 
This is a fairly wide range compared with that for the /oea stage. 


% 



Fik at. R<>latiun of salinity to mysi«; fed on diatoms and prawn laivao for 6 days, 
water temperature 2.'>.5°C 29.5°C. 


Survival Percental of Mysis: - The survival percentage of mysis is the per¬ 
centage of the number of larvae that pass into Isl post-larvae after the 1st 
mysis. The breeding receptacles were glass cylinders of diameter 15 cm and 
depth 20 cm. Table 27 gives the results of feeding them solely on Sk, cosfalum. 
The highest percentage was 94.9 and the lowest 33.3, the average being 19.3. 
As will be seen from Table 27, the survival percentage varies. Table 28 gives 
the results of feeding them with Sk. costatum and the nauplius of this prawn, 
by which the highest percentage was 99, lowest 66, with an average of 86.5. 
These survival percentages were almost constant. 

Relation between Mysis and Water-Temperature: — The writer cxperimentetl by 
putting 1st mysis in a glass breeding receptacle, 12 cm dia. and 10 cm deep. 
The resistance of both 2nd and 3rd mysis to water-temperature was about the 
same as that of the 1st mysis. 

The resistance to low water-temperature, as shown in Table 29, was very 
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Table 27 


Survival percentage of mysis fed on diatoms alone for 6 days 


No. 

1st mysis 

1st post-larvae 

% 

Salinity 

Water temp. 

(beginning) 

(end) 



1 

39 

37 

94.9 


— 

2 

43 

17 

39.5 

27.16 

25.6-27.1 

3 

16 

15 

93.7 

27.16 

25.6-26.8 

4 

300 

190 

63.3 

29.04 

25.7-25.9 

5 

314 

104 

33.5 

28.75 

26.2-28.3 

6 

388 

184 

47.4 

30.86 

24.8-a5.2 

7 

22 

17 

77.3 

30.59 

25.5-26.8 

8 

315 

141 

44.8 

30.5a 

25.3-27.1 

9 

36 

29 

80.6 

31.60 

25.4-26.8 

10 

30 

12 

40.0 

27.19 

27.8-30.0 

11 

96 

50 

52.1 

27.19 

27.0-29.7 

12 

155 

110 

71.0 

30.68 

26.0-28.5 

13 

30 

12 

40.0 

31.40 

27.4 31.9 

14 

99 

40 

40.4 


26.7-28.5 

15 

65 

24 

36.9 

32.50 

Z(6.1-ZiSi 

16 

242 

110 

45.4 

32.45 

26.9-29.2 

17 

129 

43 

33.3 

31.13 

2d.9-27.9 

18 

25 

11 

44.0 

30.02 

24.0-28.1 

19 

133 

50 

37.6 

32.88 

22.8-26.3 

20 

186 

119 t 64.0 

32.d8 

22.7-26.9 

lotal and 

2,663 

1,315 

49.3 

30.20 

24.3-27.8 

average ! 








Table 28 



Survival percentage of mysis fed on diatoms and nauplius for 6 days 

_ . 

_ 

. - 

- - - 

_ ... 

- 

No. 

1st mysis j 1st post-larvae 


Salinity 

Water temp. 

(beginning) 

(end) 


% 

X' 

1 

100 

93 

93.0 

29.12 

25.1-27.1 

2 

,, 

90 

90,0 

30.15 

23.1 26.2 

3 

ff 

86 

86.0 

30.15 

24.0-27.0 

4 


66 

66.0 

30.15 

26.0-29.0 

5 


70 

70.0 

28.12 

28.3-29.7 

6 


99 

99.0 

28.12 

24.5-26.8 

7 

,, 

90 

90.0 

28.12 

27.5-29.0 

8 


76 

76.0 

31.05 

26.9 29.5 

9 

,, 

97 

97.0 

31.05 

27.1-28.3 

10 

ff 

98 

98.0 

31.05 

26.4-28.5 

Total and 
average 

1,000 

865 

86.5 

29.70 

25.8-28.1 
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Strong up to 14°C, with a few showing feeble movements at 13°C. Below 8“C 
they ceased to move their appendages, all falling into a state of syncope and 
dying after a lapse of over 3 hours the temperature remaining unchanged. 


Table 29 

Relation between 1st my sis and low water-temperature 

Salinity, 29.30 specimens examined. 


Time elapsed 

Water temp. 

Remarks 

hr. 

min. 

0 

X 

23.0 

All larvae swim actively in all layers. 

1 

00 

21.5 


1 

30 

18.5 

.. 

2 

(M) 

16.5 

.. 

2 

30 

14.5 


3 

(K) 

13.0 

A few somew'hat slu^^ish. 

3 

30 

12.1 

Most sink to bottom and fec*blv move appenda^res, very 
swim. 

4 

00 

9.4 

All sink to bottom and move appendaj?es feebU. 

4 

30 

8.5 

Some asphy.xial 

5 

00 

7.2 

All asphyxial. 


Up to 34.5X/, resistance to high water-temperature, as shown in Table 30, 
was stubborn, the creatures swimming about, while at 35"C some of them got 
somewhat lax in their movements, although the majority of them continued 
their active swimming. All larvae fell into a syncopic state at 38.8'‘C and died 
after a lapse of over 1 hour at the same water-temperature. From these ex- 

Table 30 

Relation between 1st mysis*and high water temperature 

Salinity, 29.5 ®m, 30 specimens examiiiefl. 

Time elapsed , Water temp. , Notes 

hr. min 

0 

1 00 

1 30 

2 00 

2 30 

3 00 

3 30 

4 00 

4 30 


C 

26.0 All larvae swim actively in all layers. 

29.0 

31.5 
33.0 

34.5 

35.0 A few sink to bottom. 

36.2 Most sink to bottom and move appendafjes feebly, ver>' few 

swim. 

37.5 All sink to bottom, some asphyxial. 

38.8 All larvae asphyxial. 
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periments, it is found that the most suitable water-temperature for mysis is 
from ir to 34”C. 


V. Post-larva 

Compared with the mysis stage, breeding of larvae is simple still further 
with passage of the 3rd mysis into 1st post-larvae. With this transformation, 
however, it is necessary to give them animal food, since they cannot be bred 
entirely on vegetable matter. If fed on vegetable matter alone, they will attack 
one another. It may be said that fish-meal or pieces of small fish finely crushed 
are delicacies for them. The writer discovered that they also relished water- 
flea [Moina macrocopa) bred in fresh water. It is a suitable food in the early 
stage of the post-larvae, since it is easily cultured. When feeding them with 
fish-meal, it is necessary to change the water in order to prevent it from 
putrefying, whereas there is no such necessity when giving them living water- 
fleas. 

Although glass vessels are suitable for breeding until the mysis stage, 
larger receptacles are necessary to ensure sound post-larval development. The 
writer bred larvae upon passing into post-larvae for periods of 5 or 10 days 
in a concrete tank, 1 x 1.8 x 0.5 m built on land, while giving them water-fleas 
for food. Later, the writer bred them in a concrete tank, 2.5 x 5 x J .2 m, built 
in sea-water, feeding them chiefly with fish-meal and pieces of crushed small fish. 
A water-gate was built in one section of the tank in order to permit free ingress 
and egress of sea-water with the ebb and flow of the tide. A wire gauze was 
fixed inside the water-gate in order to prevent the larvae from escaping and 
to make it impossible for small fishes, crabs and other enemies to steal into 
the tank. Sand 5 cm thick was laid over the bottom of the tank in order to 
serve as a bed for the larvae to creep into. Plate XVIII, Fig. 1 shows the 
tanks divided into 6 compartments that were constructed in the breeding pond. 
Larvae bred in these tanks.for a period of approximately 1 month grew to 
length from about 4 to 5 cm. Upon attaining this size they could safely breed 
in larger breeding ponds, since they were then able to escape from their 
enemies — small fishes and crabs. The writer bred them chiefly with small 
dead sardines putting them whole into the breeding pond. 

Relations between Salinity and Post-larvae: — The breeding receptacle used 
was a glass cylinder, 15 cm diameter and 20 cm deep. 20 of the 1st post¬ 
larvae were placed in each receptacle and bred for a period of 8 days, and 
when the 1st post-larvae passed into the 3rd or the 4th, they were removed 
from the receptacle. Their food consisted of Moina and nauplius. In the 
experiments, their survival percentage exceeded 50 in water of from 23 to 
47% salinity, as will be seen from Table 31 and Fig. 35. In water of as low 
a salinity as 22^, their survival percentage fell to 25, and in water 20% to 
10, while in water of only 19%, they died without undergoing any ecdysis. 
In waters of higher salinity, the survival percentage fell to 40 in 48%, and it 
suddenly dropped to 15 in water of 49%, whereas they all died without a 
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Table 31 


Relation between salinity and post-larvae, fed on nauplius and 
water-flea for 8 days 
Wvitor temp. 25.5"C-29.6°C. 


No 

1 Salinity 

1 1st post-larva€‘ 
Cb<>^nmng) 

I 3rd-4lh post- i 
larvae (end) 


1 

19.0 

' 20 

0 

0 

‘ 2 

20.1 

1 

2 

lo.p 

3 

22.1 


5 

25.0 

4 

1 23.0 

1 

12 

60.0 

5 

24.1 

1 !! 

17 

85.0 

6 

26.0 

* .t 

11 

55.0 

7 

1 28.1 

1 

14 

70.0 

8 

30.1 


16 

90.0 

9 

' a'j.o 

1 

17 

85.0 

10 

' 36.0 

1 

18 

90.0 

11 

.38.0 

1 

>> 

15 

75.0 

12 

1 10.0 

1 , t* 

16 

80.0 

13 

43.0 


19 

95.0 

14 

44.0 


14 

70.0 

15 

' 16.0 

1 

1 

11 

55.0 

16 

47.0 

1 

15 

75.0 

17 

48.0 

1 

” 1 

1 ^ 

40.0 

18 

49.1 


3 

15.0 

19 

50.1 

tp 

3 

15.0 

20 

51.0 

• f 

2 

10.0 

21 

1 52.0 

' 

0 

0 





13.0 20 1 ,V1 .J.0 Mi 20 i 28.1 30 1 3S.0 J6.0 J8.0 40 0 4^3 0 41 0 16 0 l/.O 40.0 49’ ^0 « -u 1 5’.0 oal 


Fig. 35. Relation of post-larvae to salinity, fed on prawn larvae for 8 days, water 
temperature 25.6X-29 .e®C. 
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single ecdysis in 52%, From these experiments, the most suitable salinity of 
water for post-larvae in their early stage is found to be from 23 to 47%. 

The suitable salinity for from eggs to post-larvae is shown in Table 32 
and Fig. 36 


Table 32 

Most suitable salinity and water temperature for eggs and larvae 


Stage 

Eggs 

Nauplius 

Salinity I 

min. max. 

1 min. max. 

% i 

27 39 

27 

39 

Water tem. i 

oc i 


15 

M 


Zoea 

Mysis 

Ist-Srd 

post-larvae 

min. 

max. 

min. 

max. 

min. 

max. 

27 

35 

23 

44 

23 

47 

15 

33 

14 

34 

13 

34 








20 



10 


Eggs Naaplius stage Zoea stage Mysis stage Postlarval stage 

Fig. 36. Most suitable salinity for eggs and larvae. 

Survival Percentage of Post-larvae: - * By survival percentage of po.st-larvae is 
meant the percentage of the number of 1st post-larvae, after having been bred 
for a period of 12 days, that have passed into the 6th to 8th post-larvae. 
They were hred in a concrete tank built on land, as already described, their 
main food being fresh-water water-fleas, interspersed with fish-meal, and about 
s of the water was changed every day. 
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As will be seen from Table 33, experiments showed that the survival 
percentage was very satisfactory with a maximum of 99.5, the minimum being 
69.4 and the average 85.4. Of the 7 experiments, in 3 the survival percentage 
was above 90, in 2 from 80 to 90, with an experiment each of from 70 to 
80 per cent and from 60 to 70 per cent. 


Table 33 

Survival percentage of post-larvae fed on fish-meal 
and water-fleas for 12 days 


No. 

11st post-larvae 

6th''8th post- ; 


Salinity 

! Water temp. 

j (bejirinnig i 1 

larvae (^end) ! 


/•o 

°C 

1 

1 

416 : 

! 

75.7 

j 30.28 

1 25.0 28.0 

2 

1,501 

1,042 

69.4 

: 29.15 

; 26.1-29.2 

3 

1 m ‘ 

^ 144 : 

99.5 

; 

! 24.4-27.8 

A 

: 1,012 

965 

92.6 

30.17 

' 26.5 28.4 

5 

, 4,215 , 

3,475 

82.4 

29.50 

, 25.4-29.3 

6 

3,520 ! 

3,115 

88.4 

30.16 

26.5 28.4 

7 

3,122 ; 

2,8e54 

91.4 

■ 28.15 

21.5-27.3 

'I’otal and 
averaRf 

. 14,395 j 

12,307 1 

85.4 

' 29.79 

25.4-28.3 


The survival percentages of eggs and larvae are shown in Table 31 and 
Fig. 37. 

Table 34 

Survival percentages of eggs and larvae 


StaRf 

Eggs 

1 Nauplius j 

Zoea 

j Mysis 

i_ 

' Post-larvae 

1 

O 1 

70.6 

92.7 ' 

27.9 

86.5 

85.4 


Relation between Post-larvae and Water-Temperatur: - ’ The glass breeding cyliu' 
der was 8 cm dia. and 5 cm deep. The writer experimented by putting 30 
specimens of the 1st to 3rd post-larvae in this receptacle. Their resistance to 
low water-temperature, as shown in Table 35, was as follows. Signs of 
weakening among them were noticed at a water-temperature of 12T\ Most 
of them fell into a syncope at a temperature of while they all fell into 
a like state at 7SC, After a lapse of 3 hours they all died at the same 
water-tem perature. 

Their resistance to high water-temperature, as given in Table 36, is as 
follows. Up to a water-temperature of 34^0, they all swam actively, showing 
signs of weakening at a temperature of 35°C. All fell into a syncope slate 



384 


M. HUOINAGA 


at SO’C and died after a lapse of 1 hour in water at the same temperature. 
The above experiments show that the most suitable water-temperature for the 
1st to 3rd post-larvae is from 13“ to 34‘’C. 



Table 35 


Relation between 1st—3rd post-larvae and low water-temperature 

Salinity 30.5%, 30 specimens examined. 


Time elapsed Water temp. 


Remarks 


hr. 

min. 1 

0 ! 

i 

X 

24.0 


30 1 

22.0 

1 

00 1 

19.5 

1 

30 

17.8 

2 

00 

16.0 

2 

30 

15.5 

3 

00 ] 

13.5 

3 

30 

12.0 

4 

00 1 

10.0 

4 

30 1 

9.0 

5 

00 1 

7.5 


All larvae swim actively in middle and lower layer. 


Some weaken, and movement of appendages somewhat sluggish. 
Most sink to bottom and move appendages feebly. 

Most asphyxial. 

All asphixial. 
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The favorable water-temperature for various larval stages is shown in 
Table 32 and Fig. 38. 


Table 36 

Relation between 1st 3rcl post-larvae and high water-temperature 

Salinity, 30.5 /m» 30 spocimons examined. 


Tim<* elapsed j Water temp, j Remarks 


hr. 

min. 

0 

30 

“C 

25.0 

28.0 

' All larvae swim actively in middle lay(“r jiid near laittorn. 

1 

00 ‘ 

30.5 


1 

30 ! 

31.5 

. . 

2 

00 

32.1 


2 

30 

33.5 


3 

30 

34.0 


4 

00 

35.1 

Some become weak, but moverninit of apptmdages active 

4 

30 

37.0 

Mo<4t become weak and sink to bottom, some asphyxial. 

5 

00 

38.2 

Most asphixial. 

6 

30 1 

39.8 

All asphyxial. 


t 

40 
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Fig. 38. Most suitable water-temperature for larvae. 


V. Summary 

1) In copulating act, the stopper is inserted into the thelycum, which is 
not the seminal receptacle, because there is for the deposition of the si)crinoto- 
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phore a special sack situated between the body wall and the thelycum. The 
sack is, therefore, the seminal receptacle. 

2) Copulation takes place at night during the time from 0; 00 a. m. to 
3:00 a. m. between the male and the soft-female. Prior to copulation, the 
male pursues the female which undergoes eedysis while being pursued. Soon 
after the eedysis of the female the partners swim on their sides horizontally 
while the male embracing (he soft-female. The male inserts the spermatophores 
with the stopper into the seminal receptacle of the female by means of petasma. 
Such habit as that the male protects the female until her shell becomes hard 
is not perceived in the present case. The male pursues the female no more 
after once copulated. The case is quite different from Eusicyonia carinata 
(Palombi 1939) whose male, not being satisfied with one copulation, repeats 
the act fifteen or twenty times. In the present prawn, the female once copu¬ 
lated casts away the spermatophores and stopper previously received from the 
male together with the body-shell in each eedysis and receives afresh spermato- 
phores and stopper from the male at the next copulation. 

3) In the ovary the ova are naked not having the vitelline membrane, 
and in their ripening absorb follicle-cell contents into them and there is formed 
in the circumferential layer of the ovum a jelly-like substance which is ready 
to be extruded immediately after oviposition. 

4) The spawning season lasts from the first decade of May to the end 
of September. In the early part of the season spawning occurs from about 
8 p. m. to 12 p. m., while later in the season usually from about 0 a. m. to 
4 a. m., spawning requiring only a short duration, 3 or 4 minutes. The prawn 
spawns while swimming in the shallow layer of the water and eggs diffuse 
soon after spawned. Should it spawms otherwise instead of while swimming, 
it does so while rapidly moving its abdominal appendages. If by chance the 
extruded eggs are not scattered in the water but accumulated in one spot, 
they become deformed and do not hatch. The same condition has been ob¬ 
served in P, monoceros and P. afjinis. Writer’s observation of the spawning 
act differs from that of Heldt in P. trisulcalm, 

6) The eggs immediately after oviposition are irregular in shape and the 
jelly-like substance in the egg soon shoots out in radiating fashion. Thus, 
owing to the extrusion of jelly-like substance out of the ovum, the volume of 
the ovum decreases by Ty{)Yo. Extruded jelly-like substance soon makes the 
egg-jelly all around the ovum after being soaked in the water. 

7) The melting of the germinal vesicle of the ovum occurs just prior to 
the spawning. During the spawning act sperm deposited in the seminal re¬ 
ceptacles are extruded through the tiny apertures situated at the bases of 
fourth' pereiopods. 

8) When a number of spermatozoa come and attach themselves to the 
surface of the ovum, same number of entrance cones appear, and when one 
spermatozoon enters into the cone and the ovum, the others remain only ad¬ 
hering to the surface of the cones, which eventually disappear afterwards. 

9) The first polar body appears at almost the same instant when the 
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spermatozoon enters the ovum. The first polar body may or may not segment 
into two. 

10) The fertilization membrane begins to appear and elevates from the 
ovum-cytoplasm in from 6 to 7 minutes after the entrance of the spermatozoon. 
The cytoplasm does not separate from the fertilization membrane at the very 
spot where the first polar body was extruded; the connection is still retained 
by a protoplasmic thread. Thus, the connection between the first polar body 
and the ovum-cytoplasm is still kept by the protoplasmic thread after the 
fertilization membrane is made. 

11) The second polar body appears at the very spot of the ovum whence 
the first appeared. Therefore, the first and the second polar bodies are con¬ 
nected by the protoplasmic thread, and the latter ascends towards the former 
as if the former pulls in the latter by the connecting thread through the peri- 
vitelline space. On this occasion again, the second polar body and the ovum- 
cytoplasm are connected by a protoplasmic thread, which finally breaks when 
the second polar body arrives at its destined place just under the first, the 
two bodies not being in the direct attachment owing to the presence of the 
fertilization membrane between them. 

12) The cleavage of the egg is perfectly total and equal. The most 
characteristic point is found in the process of the second cleavage. The two 
daughter-cells raised by the first segmentation rotate, while segmenting into 
four, in opposite direction to each other to such an extent that the axes of 
the left and the right side make usually from 45” to 60\ sometimes as much 
as 90”. 

13) In the embryo the anlage of the second appendage appears first, that 
of the third next and that of the first in the end. The nauplius breaks the 
egg-shell and hatches out from 13 to 14 hours after the spawning in the 
water-ternperature of from 27” to 29”C. 

14) There are six moultings in the nauplius stage, three in the zoea and 
again three in the mysis, and the larva passes into the post-larva. Allied 
prawns, such as P. vwnoceros and P. affinis, similarly pass through the same 
number of larval substages. 

15) The post-larva begins to creep on the surface of the sand by gradual¬ 
ly changing its habit from the planktonic to the benthosic, while moulting and 
growing, and after fifteen to twenty ecdyses its body together with all ap¬ 
pendages attains the adult form. The gills develop from the first mysis and 
are completed in the eleventh post-larva. 

16) The lowest salinity for the egg, nauplius and zoea to live in is about 
27^ and that for mysis and post-larva 23^^. The highest limit of salinity for 
egg apd nauplius is about 35^, for zoea not over 35%, for mysis nearly 45% 
and for post-larva 47%. The salinity of the habitat of the prawn in the 
nature varies from 27% to 32%, usually being about 30%. 

17) The suitable temperature range is fairly wide for all stages; larvae 
thrive well in the water-temperature of from 15” to 33”C. 

18) After the first zoea the larvae begin to feed and take whatever kinds 
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of food there are afforded to them, for example, copepods, water-Heas, diatoms 
and even the nauplius of its own kind. In the present study Skeletonema 
costatum artificially cultured was used as food for the rearing of the larvae in 
the zoea stage and it gave satisfactory result. 

19) In the rearing experiment the hatch percentage of the e,gg showed 
over 709^, survival percentage in the nauplius over 90% and in the mysis and 
post-larva both above 80?^, while in the zoea only about 2S%, a poor result. 
Judging from the above result, it is not much difficult to obtain post-larvae of 
1"^% from the spawns by rearing them artificially. It follows that we can 
raise 13,400-26,800 post-larvae from a single adult female from which 100,000- 
200,000 eggs are obtainable. 
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Explanation of Plates 

Plate XVI 

Thelycum and seminal receptade before copulation. 

Fig. A. Thelycum, ventral view. 

Fig. B. Thelycum, ventral wall of it cut away, ventral view. 

Fig. C. Seminal receptacle, dorsal view. 

dw^ dorsal wall of thelycum; hole to connect with seminal receptacle; 
o, opening from which eggs extrude; /V-3, Pr^4, Pr-5, 3rd, 4th and 5th 
pereiopods; ttr, seminal receptacle; t>ie, ventral wall of thelycum. 


Plate XVII 

Thelycum, stopper, .seminal receptacle and spermatophore after copulation. 

Fig. A. Ventral view. 

Fig. B. Lateral view. 

Fig. C. Dor.sal view. 

dw, dorsal wall; Pr-3, Pr-4, Pr-S, 3rd, 4th and 5th pereiopod.s; st, stopper; 

.sp, spermatophore; sr, seminal receptacle; via, ventral wall of thelycum. 

Plate XVIII 

Fig. 1. Concrete tanks in which late post-larvae are reared. 

Fig. 2. Manner in which the male prawn follows the female prior to copulation. 
xl/3. 

Fig. 3. Attitude of the prawns in copulation. x5/9. 

Figs. 2~3. Photographs taken of the prawns removed from the tank after 
copulation and postured artificially as they are copulating. 

Plate JCIX 

Fig. 1. Immature ovarian egg. 

Fig. 2. A slightly developed ovarian egg. 

Fig. 3. A greatly developed ovarian egg. 

Figs. 1-3. Greatly enlarged. 

fc, follicle-cell; ys, jelly-like substance. 

Fig. 4. Jelly-like substance in egg crushed on slide glass. 

Fig. 5. A moulted shell, ventr^al view. X1. 
st, stopper. 

Fig. 6. A moulted shell, dorsal view. xl. 
sp, spermatophore. 


Plate XX 

i 

Figs. 1-6. An egg immediately after being spawned; jelly-like substance extruded 
from the egg becomes granules and disapi>ears. x80. 
ys, jelly-like substance; gr, granule; 1st pb^ 1st polar body. 

Fig, 7, An egg before 1st cleavage. Xl70, 

2nd pbf 2nd polar body. 


Plate XXI 

Diagrammatic illustration of fertilization. 

Fig, A. Before entrance cones appear. 

Fig. B. After entrance <!ones appeared. 
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Plate XXII 

Diagrammatic illustration of fertilization. 

Fig. A. Before entrance cones appear. 

Fig. B. Entrance cones begin to elevate. 

Fig. C. Entrance cones reach maximum height and cytoplasm begins to elevate 
as entrance cones. 

Fig. D. C>topIasm attaches itself to head of a spermatozoon. 

Fig. E. Entrance cones begin to retract. 

Figs. F, G, H. The instant when one spermatozoon enters into egg and the other 
is agglutinated on the egg-surface. 

Plate XXUI 

Diagrammatic illustration of elevation of fertilization membrane and the appearance 
of the 2nd polar body. 

F*ig. A. The instant when the fertilization membrane begins to elevate. 

Fig . B. C, D. C 3 rtoplasm separates from fertilization membrane and becomes 
spherical, yet they are joined by the protoplasmic* thread. 

Fig. E. 2nd polar body appears on tlu* cytoplasm. 

Fig. F. 2nd polar body rises to 1st polar body. 

Fig. G. 2nd polar body attaches it.self to fertilization membrane. 

Fig. H. Connecting thread cut away. 

1st pbt 1st polar body; 2nd pb^ 2nd polar body; pt^ protoplasmic thread. 

Plate XXIV 

Fig. 1. Part of egg-mass before 1st cleavage. x40. 

Fig. 2. Part of egg-mass, beginning of 1st cleavage. x41). 

Fig. 3. Part of egg-mass, end of 1st cleavage. x40. 

Fig, 4, An egg, beginning of 2nd cleavage, apical view, x 175. 

Figs. 5-6. Process of 2nd cleavage, lateral view. xl70. 

Fig, 7. Part of egg-mass, end of 2nd cleavage, x40. 

Plate XXV 

Fig. 1. «-cell stage. Xl70. 

Fig. 2. 16-cell stage. X170. 

Fig. 3. 32-ceIl stage, x 170. 

Fig. 4. 64-cen stage, x 170. 

Fig. 5. 128-cell stage. xl70. 

Fig. 6. 256-cell stage, x 170, 

Plate XXVI 

Fig. 1. Embryo, 2 hours after spawning, viewed from vegetative pole, x 170. 
fc, invagination cavity. 

Fig. 2. Embryo, 4 hours after spawning, ventral view. X 170. 

Fig. 3, Embryo, 4 hours after spawning, ventral view. Xl70. 

2nd ant, 2nd antenna. 

Fig. 4. Embryo, 4.5 hours after spawning, ventral view, x 170. 

Fig. 5. Embryo, 5 hours after spawning, ventral view. xl70. 

Fig. 6. Embryo, 6 hours after spawning, ventral view, x 170. 

1st ant, 1st antenna; m, mandible. 

Plate XXVll 

Diagrammatic illustration of embryonal development; mainly the three appendages. 
Fig. A. Dorsal view. 

Figs. B-L Lateral view. 

lat ant, 1st antenna; 2nd ant, 2nd antenna; lb, lahrum; m, mandible. 
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Plate XXVIII 

Figs. 1'2. Naupiius in egg-shell, immediately before hatching. 14 hours after 
spawning, ventral view. xl70. 

Figs. 3-5. The instant when the naupiius in egg-shell hatches out, ventral view. 
Notice the cast embryonic membrane in Fig. 5. Figs. 3 4. xl70. 

Fig. 5. XlOO. 


Plate XXIX 

Naupiius stage, lateral view. Roman numerals show number of substages. 

Plate XXX 

1st zoea, \entral view'. * 

Plate XXXI 

1st zoea 

Fig. A. Early 1st zoea, dorsal view. 

Fig. B. Later 1st zoea, dorsal view. 

Fig. C. Mandible. 

Fig. D. 1st maxilla. 

Fig. E. 2nd maxilla. 

Fig. F. Ist maxillipede. 

Fig. G. 2nd maxillipede 


Plate XXXTI 

Carapace, rostrum and abdomen in mysis stage, lateral view. Roman numerals 
.show number of substage.s. 


Plate XXXIIl 

Pereiopod m mysis stage. Roman numerals show number of substages and Arabu 
numerals the pereiopods. 

a6, arlhrobranchia. ' 

Plate XXXIV 

Carapace and rostrum in post-larval stage. Roman numerals show numbci <»f .sub 
.stages. 


Same as Plate XXXIV. 


Plate XXXV 


Plate XXXVI 

Teison and uropod in post-larval stage, dorsal view. Roman numerals show number 
of substages. 

Plate XXXVII 

1st antenna in ]x>.st-larval stage. Roman numiTals show number of substages. 

Plate XXXVIll 

2nd antenna in post-larval stage. Roman numerals show number of substage.s. 

Plate XXXIX 

Mandible in iK)st*lar\al stage. Roman numerals show number of substages. 

Plate XL 

1st maxilla in post-larval stage. Roman numerals show number of substages. 
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Plate XIJ 

2nd maxilla in post-larval stage. Homan numerals show number of substages. 

Plate XIJI 

1st maxillipede in post-larval stage. Roman numerals show number of substages 
mastigobranchia. 


Plate XLIIT 

2nd maxillipede in post-larval stage. Roman numerals show number of substages. 
ah, arthrobranchia; ex, serondary exo|)odite; mb, mastigobranchia; 
pb, podobranchia. 


Plate XfJV 

‘^rd maxiilipe^de in post-larval stage. Roman numerals show* number of siibstages. 
ah, arthrobranchia; ex, secondary exopodite; mb, mastigobranchia; 
plb, pleurohranchia. 


Plate XI.V 

Pereiopod in post-larval stage. Roman numerals show number of substages and 
Arabic numerals iiereiopods. 

ah, arthrobranchia; ex, sc<ondary exopodite; mb, mastigobranchia, 
plb, pleurohranchia. 


Plate XLVl 


Same as Plate XLV. 





















Jap. Journ. Zool , Vo). X. PI. XXI 


0 0oO°®0°OUoOoo 



b 










Jap. Journ. Zool.. Vol. X, PI. XXIII 













ol. X, PI. XXVII 












Jap. Journ. Zool., Vol. X, f'l. XXX 







Jap. Jonrn. Zoo]., Vol. X. FI. XXX] 







x\ 


Jap. Journ. Zool., Vol. X, Pl.XXXIII 



















0.2 























Jap. Journ, Zool.. Vol. X, PI. XLIV 





Jap. Journ, Zool., Vol. X, PI. XLV 










JAPANESE JOURNAL OF ZOOLOGY 

PirBUSHKf) BY THK NATIONAL BKSEAKCH 
('OrNCTI. OF JAPAN 

VoL X No. * 

Published Jnl\ ‘;>0, 19 


CONTENTS 

TKANSACnONS 

M. HuDlNAt.A. Reproduction, I )c\clopmcnf and Roaring 
of Penaeus Japonicut Rale 

ABSTRAC'I’S 


:{or> 


Vacant 



NATIONAL RESEARCH COUNCIL OF JAPAN 

m m ^ ^ m u 

H ^ m ^ m 

m m & n 

JAPANESE 

JOURNAL OF ZOOLOGY 

Transactions and Abstracts 

Vol. X No. 


TOKYO 
November 10 


1 943 



JAPANESE JOURNAL OF ZOOLOGY 


PUBLISHED BY 

THK NATIONAL RESKARCH COUNCIL OF JAPAN 


Piiblinilioii i '<Hiimittop 

I. Amrmiya Chairman S. Hatai 
N. Yatsu 


The following publications arc issued by the National Research ('ouncil: — 
L Report of the National Research Council of Japan 

2. Japanese Journal of Astronomif arid Get^physics 

3, Japanese Journal of Chemistry 
1. Japanese Journal of Physics 

5. Japanese Journal of Geolo^gy and Geography 

6. Japanese Journal of Botany 

7. Japanese Journal of Zoology 

8. Japanese Journal of Medical Sciences 

9. Japanese Jtmrnal of Knginemng 

10. Japanese Journal of Mathematics 

11. Records of the Oceanographic Works in Jajmn 

12. Report of Radio Research in Japan 


All communirations relating t<» th('se publirations should be addres<ve<l to ** The Secretary,” 
National Restiarch Coiuuil, Imp<*ruil Aicidemx House, Ueno Park, Tok\o. 



JAPANESE JOURNAL OF ZOOLOGY 

PUBLISIIEIi IJY THK NA'I’JONAL RESEARCH 
COUNCIL OE JAPAN 

Vol. X No. 

I*uIi1is1k-(1 Oclolicr 20, 1913 


CONTENTS 

TRANSACTIONS 


R. Anoo: IJbcr die l^eher, die Gallenpan<^e und den Pankreas^^an^^ von 

Iklphinvs mit vcrgleichend-anatoinischen RemcTkungen . 395 

K. Onoda ; Notes on the Oe^velopnient ot Some Japanese Echinoids. 

Report IV* Hyhridi/ation Experiments with Some Japanese 
Echinoids.407 

S. YAMAOrTi: Studies on the Helminth Fauna of Japan 

Part 43. Mammalian Nematodes, IV. 127 

S. Yama(;uti: Life History of a Froj? Tap(‘\vorm Ophiotaania ranae 
, Yamaguti, 1938 . 155 

S. YAMAdiTi: On the Morpholog> of the Larval Vorms of Pasagonimus 

wcsUrmanii, with Special Reference to their Excretory System.... 101 

T. Kamada : Disturbances Initiated from Naked Surface of Mus(‘le 

Proi<»plasm . 109 


ARSTRACrS 

N. Anr.: Kcological Studies on Scmisuliosinra (Coficellata) amuri'nsis ((.ierslleldt'. ^ J(> ^ 

T. AiU’: A K<‘cord of Anomalops katftptton (lUeeker) from .lapan. i 10 ^ 

T. Aiu:. Taxonomic Studies on the Pulfers (IVlraodontidae, Teleosleij) from Japan and 

Adjacent Regions. I. Vertebral Variation. ('19} 

II. Aikawa: Systematic Studies of the Plankton Organisms occurring in Ivvavama T5a\. 

Palao. VI. On Hrachyuran Larvae from the Palao Islands tSouth Sea Island'^}.. '21 ) 

Y. Akita: Electrolytes in Paramtrium . ^11 ) 

I. Amemiya and Y. Hivama: Observations on the Spawning and Age of llypomvsus 

olidua. .. C ^ t ^ 

L Amemwa and O. TamHUX: On the Alliedness of the Japain'st* and the raliioinm 

.Sardine, a Morphological and Statistical Study... 1^21 ) 

B. Aoki and R. Tanaka: The Rats and Mice of Formosa. Illustrated. Ctl) 
















2 


CONTENTS 


H. Aoyagi: The Fishes of the Genus Framia found in the waters of the Riii-KiCk Islands. (10) 

H. Aotagi; The Fishes of the Family Pscudochromidac found in the Waters of the 

Kifi-Kjh Islands and the Pa)au Islands. ( 13 ) 

H. Aoyagi; On a Collection ol the Fishes at the Palao Islanris. (10) 

E. Asahina: The Retained Sea Water in the Bottom Mud of Brackish Waters and its 

Influence on the Bottom Inhabitants. ( 9 ) 

N. Asano: Feeding Habit of Toxotes jaculator Pallas. ( 5 ) 

K. Atooa: Notes on Frogs ol Palao with interesting Habits. (0) 

K. Atoda; I^and'Snails collected from the Truk Inlands. ( 7 ; 

M. Enami; Mechanisme du Blanchissement de couleur tegumentaire che/. Ika dubut 

Stimpson 4. ( 1 ) 

* 

S. Fukuda: R6le of the Prothoracic Gland in Differentiation of the Imaginal Chuiacter 

in the Silkworm Pupa. ( ) 

S. FuKUiiA; Precocious Development of the Silk Cxland following Ablation of the Corpora 

allata in the Silkworm. ( 18 j 

R. Fpbejima, M. Maritbasi and U. Kita7.aki: Foraminiferan Fauna of Philippine Waters 

as ("onsidcred in Relation to Environmental Conditions. ( 13 ) 

M. HAriiisuKA: A New Name for the Japanese Blue Magpie. ( 4 ) 

Y. Hada: The Relation between the Foraminifera and Deposits of the Java Sea. ( 1 

Y, Hada: Foraminifera from Adjacent Waters of Palao Islands.(8 ' 

T. IIanaoka; Effect of Diets on Maturation of Plvrofdossus altivelts . \ 14 ; 

Y, Hankda; On the Luminous Organ of Anomatops katoptron . v 8 ) 

B. HaYasi: a New Hereditary Type of Rumplessness in the Fowl .. ( 31 ; 

R. Hayashi: Contributions to the Classification of the Sea-Stars ol Japan. If. Forcipu- 

lata, with the Note on the Relatioiiships b<‘tw<*en the Skeletal Stiucture and 
Respiratory Organs of the Sea-Stars.( 13 ) 

Y. Hiyama; Growth of Scales of Salmonid-Type under Rearing Experiment. ( 24 ) 

I. Hurasawa: An Experimental Study of the Effect ol Sludge Volume on the Density 

of Population of Activated Sludge Oiganisms. ( 4 ) 

Y. Hosino: Gcnetical Studies of the Lady-Bird lieetle, Ifarmonta uxyridis Pallas. VI... (22; 

M. Hudinac.a and H. Kasahara: On the Rearing and Metamorphosis of liaUinus am- 

phiUite hawaiiensis Hroch... ( PJ ; 

H. Iked a; Functions of the Lunules of A'^inclypcus as Observed in the Righting Move¬ 
ment (Echinoidca). '.....( 5 ) 

H. Ikeua: Preliminary Report on Choroetdaris mtvea gen. et sp. nov., from the Ryukyu 

Islands (Echinoidea, Cidaridac)... ( 5 ) 

S. Inaba: a Preliminary Note on the Glochidia of Japanese Freshwater Mussels....... ( 12 ) 

T. Ino: Feeding and Growth of a Japanese Abalone, Ilaliotis gtganiea discus Reeve. .. ( 6 ) 

E. IsHicuRO: Ecology of the Vaginula, Meisenheimerm altv F4russac, with some Expert* 

meats on Dessication.... (11) 

/r. Isthara: Systematic Study on th<* Culiciiu in Tokyo..... ( 16 ) 

T. Isfiii: Notes on Some Chalciduids from the Micronesian Islands with Descriptions of 

two new Eucharids. ( (i) 




























CONTENTS 


3 


A I( nrKAW'V and N 1 aka(AK 1 lh< Ucversibic Asynimf tr\ in the Opt r< u\d nf Hyflrmde^ 

tsuutms I Obscrvutioiis on the Intid Opeiruli Ml ^ 

M Ichikawa On the Orii^in of C hroraatophores and the l>tvtlopmcnt of Color ]*atUrns 

in Amphibians ^ ) 

M Ichikawa Studies on the Double Monsters in the Newt, Frituru^ pyrrhoga^tter^ with 

Special Referenei to the Otig<n of then Development ( IS ) 

Y Ito and M Uyi Ml ra Studies on the Ihermophileius Animals of Japan (XWfl) 

The Fauna of Hakom Hot Sprinj?s (23 ) 

1 IwAMl UA Bioeheminl Studies ein hacteirs aup^mcntin^jT Laelation I Extraction eif 

I^aetitinfr IJoimone from 1 * 1 ^? liver (-^3 ) 

1 K\M011\ra Hare Fishes from Kii and Ios*i, lapan ( 18 ) 

S Kandv a New Chtonayns fieim Coren CHeimopte rs, Coceidae) ( 1^ ) 

Y Kasai Hu Fauna ot Vid Stiearn in Japan I C 16 ) 

\ Kvsai ITio Fauna e»f the Aeiel Slreaim in Japan (Z) (ZS ) 

M Kvi<> On the Neetarf iopping Aetivitj of an Andicnul Ifahctu^ kaim (in Tit') 
widely Distnbiited at Mt Ilakkfidi (Diurnil Rhythm eif Activities in Insects and 
its 1 nviionmental Conditions No \l ) ( 2 ) 

M Kaio 1 lower of tatsia japnnua and Inseets with speeiil Reference to the Impor 

tiiiee c»f Solar Radiant Heal toi fnseet \rti\itv T 7 ) 

S IvAWvei II On the Rhvsiology of Reef Corals IV Ihe Growth o( (mmostn a ayma 

Measuied lioin Numerie il and Aieal Inc tease of C dvcc»s ( 1 ) 

S Kawa<»i ri On the Phvsiolog) of Reef (oi ils \ I ropisnis of (oril Planul le 

(c)iisideied as a 1 letor of Distribution of the Reefs ( 1 'l 

S Kvvvac I II He inervtbiin foun 1 in the Blood of I wt^ula ('ll 

I Kawami RA On the Spe t i(*s H\bnd of Hfitia jajn niLa\ > Rana ttmporarui t( mporana 

t (Z2) 

H Kic 111)0 On the ( hromosonie s <»f Some Spteiesof the Agopteious Drageinflies (Odo 

nati /jgopterO (23) 

I Kinositx S Suit V V md / Simi/i Indue turn ol Spawning e>f the Sc illop Pc(Un 

{ftattnop< tUn) yt ssot nsts Jt v 7 ) 

S Kishi M Mtw \ und K Mori DIh 1 de n I influss de i ^ Strahle n auf die jiingcn IlUgel 

eheii del S hnu tie ilingspuppe n (Vorlaufige Mittcilung) ( ) 

1 Komai Hu Nervous System in some (oelenteialc lypes Z I phyia iiid S(\phuli ( 10 ) 

I Komai Ihc Stnieture ind Development of the Sessile ( te nophure I yrocUn imptra 

loiiA Kom il V ^ 

I Kurd A New ( ommensnl Shiimp, Sponpitola japomca^ n sp ( ) 

I Kubo On two New Species of Dcrapoclo Maeiuia . . (10') 

K Kuroda Water ( ontent of the Blood m relation to Animal Growth , C 3 ') 

Z Kuwana On the Pupal Diapause of Sturmm wt^ttae (Dipte^ra, laehinidac), I ( ^ ) 
S Makjno Studms on the Munm Chromosomes H Morphological Comparison of 
the C^hromosomes between the Wild Foim and the Domestieated Vine ty of Rattus 
norvegteus Rerkenhout C 11 ) 

S Makino and H Nixyama Ihe* Chromosomes oi Siolopendra damnom L Koch (Chilo 

poda) ... . , (ZZ) 



4 


CONTENTS 


S, Mahui>a: Notes on the Japanese Fishes of the Gcmus Eptnephelus . (10) 

K. Matithara: On the Metamorphosis of liitothrisms ^f/ssu liil^ondorf.(1) 

K. Matsubara: Studios on the Scorpaonoid Fishes of Japan. Anatomy, PhyloKony and 

Taxonomy (1). (12) 

K. Matsubara: Ichthyological Annotations from the Depth of the Sea of Japan, I-VIl (13) 
K. Matubara and N. Asano: On the lnk>Sac of a Gadid Fish, Antimtmi micrnlrpts 

Mean . ( 7 ) 

K. Matsiihaka and M. Yamacuii: On a New Serranid, Malahchthyst eleftam from Suruga 

Bay, with Special Reference to a Comparison of Hitherto Known Species... ( 13 ) 

y. Matue: Systematic Studies of the Plankton Organisms occurring in Iwayama Bay, 

Palao. IT. List of Diatoms occurring in the Bay... (20) 

K. Matsui: On th<* Gonad of the Bonito, Euthynpus pelamyst caught near the Palao 

Islands... ( 7 ) 

K. Matsui: Stimulative Effect of Temperature on the Heart Beat in the Oyster, Ostrea 

ctrcumpicta . ( Id ) 

K. Matsui: Temperature aud Heart Beat in a Fish Emhryo, Oryzian laiipes, 11. 'Fhe 
Variation of Heart Rate and Tcmpeiature Coefficient caused by Incubation Tem¬ 
perature. (14) 

K. Matsui: Temperature and Heart Beat in a Fish En)hryo, Oryziaa lahpes. Ill. Heart 

Beat of the Developing Embryo at a Constant Temperatuie... ( 14 J 

Y, Matsuura: On the Northern Porpoise Whale, Beryrdius bairdit Ste)neger, in the 

Adjacent Waters of ** B6syu ...,.. ( 3 ) 

M Mk3ITa: Cod Fish as Insulin Source.(14 ) 

S, Miyakt ; Studies on the Crab-Shaped Anomura of Nipfion and Adjacent Waters.C17j 

S. Miyake: Studies on the Dec’aped C’nistnreaiis of Microni^sia. Ilf. Porcellanidae. (17) 

E. Momma: Notes on the Chromosomes of Brachytrupes pmtenttntvt (Gryllinae, Grylhdae). (24) 

H. Mori* Regeneration of the Tail and Tail Fin m Teleost. (20) 

S. Mori: Daily Periodicity in the Motor Activity of three Aetinians.(H) 

T. Mori: Systematic Studies of the Plankton Organisms occurring in Iwayama Bay, 

Palao. IV. Copepoda from the Bay and Adjacent Waters. (20) 

I. Motomura: Experimental Pohspermy in Strtmgylncentrotus pulchernmus as Induced 

by the Effect of Neutral Red.( 5 ) 

S. Murakami : On the Development of the Hard Parts of a Viviparous Ophiuran, Stogfh 

phiura aculpta (Duncan). (5) 

J. Murayama: Nouvelles Esp^ces dc Scarabaeides du Manchoukuo et de la Cor6e.(12) 

T. Nagano: Studies on thc» Diurnal Rhythm of the Eye Pigments of the Shrimps. (Pre¬ 

liminary Report.). ( 6 ) 

T. Nagano: Physiological Studies on the Pigmentary System of Crustacea. 1. The Color 

Change of a Shrimp Paratya compressa (de Haan). ... (17) 

D. Nakamura: Signihcance of the AnimaFs Proper Pituitary Gland in Experimental 

Induction of Ovulation in Onychodactylua Japonicua (IlouttByn). (IS ) 

D. Nakamura: Induction of Ovulation in Onychodactylus japonicua (Houttuyn) by Inter¬ 
cepting the Solar Effect....* (18 ) 

N. Nakamura: Formation of Lateral Regenerate in Bnmehiura aowerbyi . ( 9 ) 






























CONTENTS 


5 


K Nakatscidi On a Now Spo< io«! of OpiHones from the of Amami 6sinia v 4 ) 

n Niiyama On the Chiomosomes of Fc»ur Spt^des of Oahs (Hiat hyiira, Th'c.ipoda') .. (20) 

H. Niitama: On the Chromosomes of fTydra . (23) 

K. Nozawa* a New Primitive Ilypotruhous ('iliatc, Kittrifha marina, n f* n sp.''12; 

K. Nozawa Systematu Studies of the Plankton Oif^anisms occurring in lwa\dnia Rav, 

Palao V. Two Planktonh Sudonans from Palno . ( 21 ; 

H. Numanoi On the MiKration of Calnum duiin^ the Moulting in Several Crustaceans (18; 

M Oi)<tAKl On the behavior of Nest Building Habit of CVitronomt/f-Larva. (4-) 

T. Ogata Sur Thdlc* definitif du Plagiorchn fuji Ogata. (4) 

T Ogata Sur une Nouvelle Fsp6re do Tr6matode du Genre Cmtofoecum . f 19 ) 

Y. Oguro. Two New Trematodes of Cephalogrmimus from Amyda .. (12) 

M. OsuiMA Termites from Palao Islands ... ( 19 ) 

Y. Osima* Phyllosomac of the Genus Panultrus . (24) 

N OHrsuKA Disciimination of Number Given in the Foim of Visual Stimuli in the 

Tortoise Clemmys japomca .. ... C 19 ) 

T Ohuyi* On the Blood C’orpusdes and the Blood Foimation in Phnronts (The 13th 

Report of Invertebrate Hematology ). (2) 

T OhijYI On the Blood Corpuscles and the Hemopoiesis <»f a Nemertean, Ltneub 
fusi<wtridts, and ol a Sipumiilus« Dendrostoma minor (The 14th Hi port of Inver 

lebrate Hematologv ). .( 2) 

K. OvAMA A Catalogue of Mollusc a from the Suruga Bay .... . (13) 

y. O/AKI and K Yagiu A New Marine Ciliate Cimhogaster momlifer n g n sp .. ( 9 ) 

M. Sakurai, K Sakai and H Mihaki On a Benthosir Animal, Chaohora^ larva, in the 

Lake Timikeppu, Hokkaido .. .... . ( 16) 

M Sato Notes on the Finger-Like Pcntoral Fins in thiee Japanese Fishes (lb) 

I) M SroK Etude sur la variation eVOenet^ nanna M6n6tries d<» Chosen. . ( 1 ) 

D M Sfok Gmaiidromorfo de Jheris napi lanne f dulvmea Butler . .. . ( 6 ) 

S. M SiliiNO Note on Cypronti,cu^ ovahs n sp, a New Cryptoi sc an Parasite (Epic an 

dea* Isopoda) found on Cypruiina htlgendorfi .. .. ... ( 9 ) 

S M. Sin INC Khizocephala of Japan. . . (12 ) 

S. M. SmiNO' On the Parasitic Isopoda of the Family Entomscidae, Especially those 

Found in the Vicinity ol beto . .. . . (15) 

S, M. SmiNO. Studies on the Embiyology of Stiutlla oratoria De Haan . . (15) 

S. M SmiNO: Bopynds from the South Sea Islands with Desc'ription of a HyiH^rparasitic 

Cryptoniscid. . (19; 

T. Shima: Ober die Penstaltik des Regenwurms. . . . .. (3) 

D. SlMOlZUMi: Body-Temperature and Activity of a Moth.( J ) 

D. SlMOizUMi: Studies on the Hibernation of the Japanese Dormouse, G/tru/us yopontcus 

(Stshinz). III. Temperature as a Factor for the Hiberni^tion. ... ... ( 8 ) 

Y. SuYEHlRO: Results of the Collection of Fishes from the Japan Sea on Board the 

„ Soy6maru **. .. . . ( f* ) 

K. Suzuki: Genetical Studies on the Colour of the Egg and Eye in the Silkworm. ., (21) 

S. Suzuki: Die Opiliones Mikronesiens.. (6) 





















6 


CONTENTS 


S Takagi: On the l$asophilc Granules in Coitiml (Cytoplasm of the Ovum of^.Stroft^frh 

rentrotus pu/e/irrnrnus ami their Disuppearaiirc after Keriih/atiun. C&) 

R. Takahasui: A New Seale Insert from Hainan (Homoptera). (3) 

R. Takaiiashi: Two New Genera and Speries of Aleyrodidao from 'Phailand and French 

Indo-China fHomoptera). (10) 

Y. Takakitwa: Die Japanischen Colohognnthenarten (I)iplopodn). ( 4 ) 

Y. Takakuwa: Zur Kenntnis der Japanischen Diplopoden. (10) 

K. Takewaki; Secretion of Luteinizing Hormone by Male Hypophysis. (10) 

K. Takewaki and K. Haita: Effe«*t of Gonadectomy and Hypophysortomy on the Kidney 

and Genital Tract of a '^nake, Nattix tigrmn tiprina . ( 12) 

K. Takewaki and Y. Yamao: Behavior of Ovarian Grafts in Ilvpophysectomized Male 
Kats with Gonadectomizod Parabionts. Kvidence for Secietion <»f Luteiniring 
Hormone by Mule Anterior Hypophysis. C 10 ) 

T. Tamura and Y. KaWagol: Effects of Low Speidfic Gravity of the Medium and Ex¬ 
posure to Air on the Hath Sponge Ewtpon^ia officinalis . (21) 

R Tanaka: Change in the Tolerance against Pressure of the Egg ot Oncorhynchus keUi 

Walbaum at the 'Kime of Hatching. ( 9 ) 

S. Tanita: Report on the Calcareous Sponges obtained by the Zoologic'al Institute and 

Museum of Hamburg. Part II. ( 2 ) 

S Tanita: Calcaieous Sponges Collectt'd m the Kant6 District, Japan. (17) 

S. Tanita: Key to All the Described Sp<*cies of the Genus Leuensofema and their 

Distribution. (17) 

S. Tarao: Golgi-Apparatus in the Protozoa. ( 5 ) 

S. Tarao: On the Nature of Cytoplasmic Constituents in Amoeba diploidva K\amined 

by means of Staining and (Chemical Reactions. (11; 

* 

M. TautI: Some Informations concerning the Anadromy of Plectfglossus altiveli^ . ( 7 ) 

Y. Tazima: A Case of the Mosaicism in the Silkworm Egg, Probably due to a Rf'cessive 

Mptation. ( 22 ; 

T. Tokioka: Ascidians Found on the Mangiove Trees in Iwayama Bay, Palao. (20; 

T. Tokioka: Systematic Studies of the Plankton Organisms occurring in Iwayama Bay, 

Palao. I. Introductory Notes, with some References to the Surface Water Tern- 

fierature and the Settling Volume of Planktons in the Bay.(20 ) 

T, Tokioka: Systematic Studies of the Planktim Organisms occurring in Iwayama Bay. 

Palao. III. Chaetognaths from the Bay and Adjacent Waters.( 20 ; 

T. Tokioka: .Systematic Studies of the Plankton Organisms occerring in Iwayama Bay, 

Palao. VII. A preliminary Report on the Appendicularian Fauna of the Bay and 
the Adjacent Waters. (21) 

M. Tokuda: Studies on the Striyied-Mouse of Manchoukuo. (13) 

M. TokvNaga: Biting Ceratopogonid Midges from the Caroline Islands. (^) 

G. Tomita: The pH and Temperature of the West Lake and of a Habitat of Freshwater 

Medusae..... ( 13 ) 

G. Tomita: Medusae and Polyps of Craspedacusta in Hangchow, China. (16) 

G, Tomita: Occurrence of Fresh-Water Medusae in Soochow, China. (16) 

M. ToRiUMl: Studies on Freshwater Bryozoa of Japan. Ill. Freshwater Bryozoa of 

Hokkaido... ( 2 ) 



























CONTEOTS 


7 


M. Toriumi: Studies on Freshwater Bryozoa of Japan. IV. Freshwater Bryozoa of 

Taiwan (Formosa). ( 2 ) 

M. Toriumi: Studies on Freshwater Bryozoa of Japan. V. The Variations Occurring 

in the Statoblasts and in the Number of Tentacles of Cristatella mucedo Cuvier. (17 ) 

M. Tsuda: Fine neue K5chertliege, Triaenodes esakii, von den Palau-Inscln. (9) 

M. Tsuda: Zur Kenntnis der Koreanischen Trichopteren. (15) 

M, Tsuda : Japanische Trichopteren. I. Systematik. ( 15 ) 

K. UciliDA: Migratory Habit of Merctrix meretrix . (25) 

S. Utida: Host-Parasite Interaction in the Experimental Population of the Azuki Bean 

Weevil, Ckdlosobmchus chinemis (L.). III. The Effect of Host Density on the 
Growth of‘Host and Parasite Populations. ( 1 ) 

T. lIcHiDA and K. Hanaoka: Sexual Induction in a Sexually Differentiated Salamander 

by the Implantation of Testis and Hypophysis. ( 3 ) 

T. UcHiDA and S. Okuda: A New Species of Archiannelida, Trilobodrilus nipponicus^ n. 

sp. ri4) 

H. Utinomi: The Fauna ,of Akkeshi Bay. XIII. Caprellidae. (15) 

H. Utinomi: Caprcllids Obtained in Onagawa Bay, Northern Japan. (17) 

H. Utinomi: Report of the Biological Survey of Mutu Bay. 37. Caprellids from Asa- 

musi... C 17 ) 

S. Waim: a Glossary of Local Names of Molluscs in Palao. ( 6 ) 

N. Watanabk: Measurement on the Bodily Density, Body-Temperature and Swimming 

Velocity for ** Katuo ”, Euthynnus vagans (Lesson). ( 8) 

H. Yahe: On the Fishes of the Genus ColUchthys caught in Korean Waters. (24 ) 

T. Yamaha: On the Habits and lilarly Development of Pscadoscia€'na crocea (Hichardson). (23) 
G. Yamamoto: Gametogenesis and the Breeding Season of the Japanese (’ommon Scallop, 

Pveten {Paiino’) yessoansis Jay. ( 24 ) 

T. Yamamoto: Mortal Influence of Salinity on Some Cephalopod Larvae. II.^. ( 4 ) 

T. Yamamoto: Oii the Adaptability of the Japanese Killifish, Aplachtfilus latipes ('fern- 

minck & Schleger), to the Sea Water..... ( 5 ) 

T. Yamanouti: Variations in Colors and Patterns in some Holoihurians. (7) 

T. Yamanouti: On the Feeding Habit of a Holothurian, Stichopus japtmicus Sclenka .. (19) 
Y. Yamashina: On the Hybrid between the Domestic Fowl. Gallus gallus var. domesitvus, 

and the Common Pheasant, Phasianus colchicus . C 22 ) 

N. Yosii: Partial Doubling of an Annelid, Marphym sanguinea (Montagu). ( 9 ) 

N. Y'at^su: On an Asymmetrically Colored American Lobster. (11) 

























3. Ober die Leber, die Gallengange und den Pankreasgang von 
Delphinus mit vergleichend-^natomischen Bemerkungen 

Von Bunjiro Ando 

Anatomisches Institute Kaiserliche KyftsyCl-Universitftt zu Hukuoka 
(Mit 1 Text-figur) 

(Eingegangcn am 18. September 1941) 


INHALT 

Seite 

I Einleitung. 305 

II. Form der Leber von Delphinus . 396 

III. Form der extrahepatischen GallengMnge von Delphinus .397 

TV Form des Pankreasganges von Delphinus . 398 

V Vergleirbende Hotrachtungcn.399 

A. Vergleichung der I^eberformen . 399 

1 Schema dor I..eberlappen der Vertebraten .399 

2) Schema der I.ieberlappen der Ruminaten .400 

3 Verglen hung voij Leberform von I^elphtnus mit denen der andeten Mammalien 400 
H. Veigleichung der extrahepatischen Gallengange . 402 

1 Schema der extraht'patischen Gallengiinge der Vertebraten .402 

2 Vergleichung d<*i extrahepatischen GailengSnge von Delphinus mil denen der 

anderen Mammalien . 402 

C. Vergleichung der Ductus pancreaticus. 404 

1) Schema des Ductus pancreaticus der Mammalien .404 

2) Vergleichung des Ductus pancreaticus \on Delphinus mit denen der anderen 

Mammalien.405 

VI. Schluss .406 


L Einleitung 

Seit vielen Jaiiren habe ich unter Prof. Dr. T. Sindo Untersuchungen iiber 
die Morphologic des Gallengangsyslems der Vertebraten angestellt, wobei ich 
bemerkt habe, dass die Form und Lappenzahl der Leber nach Tierarten ver- 
schieden sind und zwar nach ihren Einteilungen ein System zeigen. 

Dieser Befund hat mich glauben lassen, dass es von dem Standpunkte der 
vergleichenden Anatomic nicht ohne Bedeutung sei, die verschiedenen Leber- 
formen in Schemata zu bringen und diese mit der heutigen Tiersystematik 
vergleichend auseinander zu setzen. 

Bei dieser Forschung habe ich von Prof. Dr. Osamu Emoto in der Vete- 
rinaren Abteilung der Landwirtschaftlichen Fakultat der Kaiserl. Universitat 
zu Tokyo vide, kostbare Materialen geschenkt bekommen. Auch sein Freund 
Prof. Ikusaku Amemiya in der Fischereiabteilung derselben Fakultat, hat mir 
Leber und Magen eines ausgewachsenen Delphinus langirastris Cuvier liebens- 
wiirdigerweise gesandt. Hiermit drucke ich beiden Herren meinen herzlichsten 
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Dank fur ihre grosses Entgegenkommen aus. 

Uber die Cetaceen gibt es zwar viele anatomische Untersuchungen, aber es 
scheint uns noch zweifelhaft zu sein, welche systematische Stellung sie einzu- 
nehmen scheint. Ausserdem gibt es sehr wenig anatomische Beschreibungen 
uber ihre Leber und Gallengange. 

Die Klarstellung der Form der Leber, der Gallengange und des Pancreas- 
gangcs vom Delphinus wurde unter diesen Umstanden zur Erforsi’hung der- 
selben Organe nicht nur von der Odontoceten, sondcrn auch von der Cetaceen 
uberhaupt mehr oder weniger beitragen. Auch wiirden dadurch die Bezieh- 
ungen der Cetaceen zu anderen Mammalien von selbst klar werden, und es 
konnten noch gewisse Anhalte zum Bestimmen der s\stematischen Stellung der 
Cetaceen gewonnen werden. 

Ich habe die Leber, den Gallen- und den Pancreasgang vom Delphinvs 
genau untersucht und gefunden, dass sie mit den erwahnten Organen von der 
Pecoren unter Ruminanten, vor allem aber vom Germs, bei welchem die Gal- 
lenblase fehlt, eine auffallende Ahnlichkeit zeigen. Neuerdings hat die ver- 
gleichende Anatomic von der Leber, dem Gallen- und Pankreasgang S. A. Siue 
in „Handbuch der vergleichenden Anatomie der Wirbeltiere. Bd. Ill, von L. 
Bolga u. a. (1937) “ genau erortert. Deshalb unterlasse ich weitere literallsche 
Angaben. 


n. Form der Leber von Delphinus 

Die Leber des Delphinus longirostris Cuvier ist von einer nach rechts und 
links ausgedehnten, plattelliptischen Gestalt und hat die zwei Flachen: Facies 
diaphragmatica und Facies visceralis.* Ein wenig links von der Mitte des 
Margo ventralis befindet sich die seichte Incisura hepatis; dahinter folgt auf 
der Fac. diaphragmatica das Lig. falciforme hepatis, auf der Fac. visceralis 
die Fossa venae umbilicalis. Die Porta hepatis pragt sich rechts am Ende der 
Fos. V. umbilicalis als eine Querfurche aus. Die Fos. ductus venosi ist eine 
seichte Langsfurche, welche hinter dem linken Ende der Porta hepatis liegt, 
d. h. hinter der Fos. v. umbilicalis folgt, und lasst hier die Haftlinie der Lig. 
venosum (Arantii) erkennen. Dasjenige namlich, was man Fossa sagittalis 
(sinistra) nennen kann, ist fast vollkommen ausgepragt. 

Diese Fossa sagittalis sinistra und Ligamentum falciforme hepatis zeigt die 
Grenze zwischen den beiden, d. h., dem rechten und dem linken Lappen. 

Ferner fehlt diesem Tiere die Gallenblase, wie auch die Fossa vesicae 
felleae, so dass man auf der unteren Flache des Lobus dexter den Lobus 
quadratus nicht klar abgrenzen kann. Auch lasst sich hinter dem rechten 
Ende der Porta hepatis keine Fossa venae cavae erkennen, welche also aus 
der Leber dieses Tieres Fossa sagittalis dextra ganzlich verschwunden ist. 
Der Lobus caudatus ist auch nicht nur ganz unerkennbar, sondem auf der 
unteren Flache des Lobus dexter ist auch nirgend eine Erhohung, welche einen 
Processus caudatus andeutet zu linden. Diese Flache ist im ganzen durch den 
Druck der IV Magenkammer etwas vertieft. Die obere Flache der Leber ist 
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deutlich stark vorgewolbt. 

Das Charakteristikum an der Leber dieses Tieres ist, dass hinter dcm 
linken Rande des Lobus dexter ein kleines blattformiges Lappchen gegen das 



& 

DeJphinus, die Leber und der Magen 


hintere F^nde der Fossa v\ umbilicalis und die Porta hepatis bin vorspringt. 
Das Ende dieses Lappchens ist zugespitzt; die Basis desselben haflet etwas 
erweitert am linken Rande des rechten Lappens. 

Hi. Form der extrahepatischen Gallengange von Delphinus 

Weil dem Delphinus die Gallenblase fehit, hat er auch keinen sog. Ductus 
cysticus. Der Ductus choledochus ist daher durch die Vereinigung der 2 Ducti 
hepatici miteinander gebildet; die intrahepatischen Gallengange des rechten 
und linken Leberlappens sammeln sich schliesslich in je einen dicken extra¬ 
hepatischen Ductus hepaticus. Der linke Ductus hepaticus kommt nahe dem 
linken Ende der Porta hepatis und entlang der Vena portae aus der Leber 
hervor. Er verlSuft langs der Porta hepatis nach rechts und trifft rnit dem 
ganz kurzen rechten Ductus hepaticus am rechten Ende derselben Y-formig 
zusammen, wodurch Ductus choledochus entsteht. Der rechte Ductus kommt 
ausserhalb der Leber kaum zum Vorschein und ist etwas diinner als der andere. 

Der Ductus choledochus, welcher vom rechten Ende der Porta hepatis 
abgeht, nimmt nach kurzem Verlauf hinten abwarts an seiner linken Wand 
den Ductus pancreaticus auf. Von dieser Vereinigsstelle knickt er stark nach 
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rechts ab, und dringt bald in die Darmwand der Ampulle am Anfangsteil des 
Duodenum hinein. Der Ductus choledochus ist dicker als die beiden Ducti 
hepatici; sein ganzer Verlauf aber ist verhaltnismassig kurz, und sein oberer 
Teil ausserhalb der Darmwand und sein intramuraler Teil sind fast gleich lang. 
Die Stelle, an dor der Ductus pancreaticus mit ihm zusammentrifft, liegt un- 
gefahr in der Mitte seines oberen Extraintestinalen Teiles. 

Um die Form des intramuralen Teiles des Ductus choledochus zu beschrei- 
ben, muss man zuerst auf die besondere Gestalt des Duodenum hinweisen. 
Das Duodenum des Delphinus foigt der IV Magenkammer; sein Anfangsab- 
schnitt erweitert sich gross ampullar und sie ist viel weiter als die IV Kammer. 
Der feigenformig stark angesohwollene Teil ist nachst dem Pylorus zu finden. 
Am Pylorus ist einc dicke trichterformige Falte vorhanden, welche sich nach 
der IV Magenkammer richtet. Das untero Ende der Ampulle wird srhmal 
wie gewohniiche Diinndarmluraen. 

Der Ductus choledochus dringt an der oberen Wand der duodenal Am¬ 
pulle von der Pylorus-seite aus analwarts in dieselbc hinein, und miindet, 
nachdem er dieselbe Richtung behaltend durch die Darmwand hindurch ver- 
lault, erst in die Darmhohle eirL Die im allgemeinen dicke Wand des Duo¬ 
denum ist dort, wo sie Ductus choledochus verlaufen lasst, besonders dick 
gewordcn. Ihre Tunica muscuralis auffallend stark entwickelt, wie die Darm¬ 
wand, welche langs des Verlaufes des Ductus choledochus, so wohl nach ausscn 
wie auch nach inncn, eine Erhohung zeigt. 

In dem inneren llohlraum des intramuralen Teiles vom Ductus choledochus, 
versieht es sich ungefahr in der Mitte desselben mit einer trichterformigen 
Falte, welche distalwarts gerichtet ist. Das Lumen des Ductus choledochus 
ober- und unterhalb dieser Falte sind beiderseits ein wenig erweitert. Vereinigt 
sich der Ductus choledochus auch mit dem Ductus pancreaticus, so ist oberhalb 
dieser Vereinigungsstelle der Ductus choledochus gleichmassig gross und un¬ 
terhalb derselben im Gegenteil spmdelformig ausgedehnt. 

Die Endstrccke des Ductus choledochus, welche sich von der Vereinig¬ 
ungsstelle des Ductus choledochus mit dem Duct, pancreaticus aus bis zur 
obengenannten trichterformigen Falte erstreckt ist im ganzen spindelformig 
erweitert. Die unterhalb der Falte sich befindende Erweiterung ist wie eine 
lange Vase gestaltet und das Vasenende ist in der gewohnlichen Zeit ver- 
schlossen. 


IV. Form des Pankreasganges von Delphinus. 

Wie oben gcsagt, wird der Ductus pancreaticus des Delphinus ungefahr 
in der Mitte des Ductus choledochus ausserhalb des Darmes auf der linken 
Seite desselben aufgenommen, Dabei ist es besonders zu beachten, dass die 
beiden Gange von der entgegengesetzten Richtung kommend fast in gerader 
Linie zusammentreffen, und dass infolgedessen der sozusagen gemeinsame Gang, 
welcher von der Vereinigungsstelle der beiden beginnt, bei beiden fast recht- 
winkelig ablauft. Uber das oben erwahnte Verhalten ist mit anderen Worten 
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auch zu sagen, dass der D. pancreaticus an der Knickstelle des rechtwinkelig 
gebogenen D. choledochus in den letzteren hinein fliesst. 

Es gibt leider kein Mittel dazu, den Ausflussmechanismus der Galle und 
des Pankreassaftes bei diesem Tiere zu beobachten, aber die Tatsache, dass 
bei ihm, dem die Gallenblase fehlt. der intramusculare gemeinsame Gang mit 
einer trichterformigen Falte versehen ist, scheint itn Vergleich zu den Gallen- 
gangen der anderen Mammalien bei denen die Gallenblase fehlt, fiir den Aus- 
flussmechanismus von grosser Bedeutung zu sein. 

V. Vergleichende Betrachtungen 

A. Ver^eickung der Leberformen 

1) Schema der Leberlappen der Vertebraten. 

Ich habe die Lebern der Vertebraten nach ihren ausseren Formen und 
Lappenzahlen, in folgende Schemata gebracht: 

Nach meinem Schema sind die Lebern in sechs Arten naml. von der 6-, 
5-, 4-, 3-, 2- und 1-lappigen eingeieilt. Es gibt keine Leber, welche aus 
mehr als 6 Lappen besteht; 6 ist das Maximum. Wenn auch die Leber des 
Zalophus lolmtus der Pinnipedien und die des Camelus der Tylopoden in un- 
zahlige grbssere und kleinere Lappen eingeteilt zu sein srheinen, so sind sie 
doch nicht als mehr als (i zu erklaren, denn durch beliebige Incisuren zerfallt 
bei diesen jeder einzelne Lappen der 6 nur wieder. 

Da bei den Carnivoren im allgemcinen sei es Fissipedien wie auch Pinnipe¬ 
dien, die Leber als Regel 6 lappig ist, habe ich diese als Grundtypus aufgenom- 
men, und andere gefundene fi-lappigen Lebern nehme ich als die diesen Grund¬ 
typus behaltende, und 5-, 4-, 3-, 2- und 1-Iappige als durch Vereinigung 
der 6 Lappen entstandene an. 

Fiir die Bezeichnungen der einzelnen Lappen habe ich die Namen : Lobus 
lateralis sinister, Lobus medialis sinister, Lobus quadratus, Lobus medialis 
dexter, Lobus lateralis dexter und Lobus caudatus, nach W. Ellenberger und 
H. Baum gebraucht. 

Stelle ich nun nach den Leberformen und Lappenzahlen vorlaufig eine 
Tabelle auf, so sind 7 Systeme darauf zu ersehen. 

Bei den Mammalien: 

1. Carnivoren-System: Grund-typus (Gdappig) 

II. Primaten-System: (6-2-1.) 

III. Ungulaten-System: (6-3-1.); Perissodactylen (6-1.), Artiodactylen 

(Non-Ruminanten (5-1.), Ruminanten (6-3-1.) 

IV. Rodenten-Insectivoren etc. System: (6-3-1.); Insectivorcn (6-1.) Ro- 

denten (6-5-1.), Macropodiden (5-1.), Monotrematen (5-1.), Chiropteren (5-4-1.), 
Edentaten (3-1.) 

Bei den Non-Mammalien: 

V. Sauropsiden-System: (1-2-1.); Reptilien (1-2-1.) und Aves (2-1.) 

, VI. Amphibien-System: (1“3-I.); Urodelen (1-1.) und Anuren (3-1.) 
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VII. Pisces-System: noch wenig bestatigt. 

Vergleicht man die Leber des Delphintis mil denen auf der obigen Tabelle, 
so hat sie mit der der Ungulaten die grosste Ahnlichkeit; deshalb erklare ich 
hier bequemlichkeitshalber vor aliem nur die Leber der Ruminanten. 

2) Schema der Leberlappen der Ruminanten. 

I. IJnter Ruminanten : Tylopoden &lappiger Lebertypus 

II. (inter Ruminanten: Pecoren 3-Iappiger Lepertypus 

A. Gallenblase erhaltener Lebertypus 

a) Drei lappiger T-iebcrtvpus, bei welchem Processus papillaris des Lobus 
caudatus erscheint: Capra hircus, Capricornis crispvs 

b) Drei lappiger Lebertypus, bei welchem Processus papillaris zuriicktritt: 
Bos taunts, Anoa depressicornis 

B. Gallenblase mcht erhaltenen I-ebertypus, (ohne Fossa und Incisura 
vesicae felleae,). 

a) Drei lappiger Lebertypus, bei welchem Processus papillaris des Lobus 
caudatus erscheint; Mvntiacus reevesii 

b) Drei lappiger Lebertypus, bei welchem Processus papillaris verschwun- 
den ist: Cervus 

C. Gallenblasenrest erhaltener 3-lappiger Lebertypus, bei welchem Pro¬ 
cessus papillaris des L. caudatus zuriicktritt: Giraffa cameleopardalis 

3) Vergleichung der Leberform von Delphinus mit denen der anderen 
Mammalien. 

Sucht man nun unter den Lebern anderer Tiere solche, die der des Delphinus 
ahnlich geforml sind, so sind es die Lebern des Cervus und der Hylobatinae. 

Wenn man bloss die Tatsache, dass die Leber des Delphinus nur zwei 
lappig gestaltet ist, in Betracht zieht,' so jst diese der der Hylobatinae viel 
ahnlicher als der des Cervus. Doch ist die Leber der Hylobatinae immer 
mit Gallenblase in der Fossa vesicae felleae versehen, wie der I-«obus quadra- 
tus somit klar abgegrenzt ist. Ferner ist auch eine Krhbhung, welche dort 
Processus caudatus andeutet, klar wahrgenommen. Man kann also die Leber 
der Hylobatinae mit der des Delphinus, morphologisch nicht ohne weiteres 
gleichsetzen. 

Wie oben gesagt, ist die l.eber des Cervus ohne Gallenblase in drei Lap- 
pen (L. dexter, L. sinister und L, caudatus) eingeteilt, und infolgedessen fehlt 
natiirlich auf ihrer unteren Flache die Fossa vesicae felleae. In dieser Be- 
ziehung ist .sie der Leber des Delphinus sehr ahnlich. Der einzige Unterschied 
zwischen beidcn Lebern aber besteht nur darin, dass beim Census der Proces¬ 
sus caudatus sich von der unteren Flache des Lobus dexter als ein Lappen 
getrennt zeigt, wahrend derselbe beim Delphinus ganziich in anderen verborgen 
ist. Das heisst; wenn die Leber des Cervus den Processus caudatus nicht 
versehen Hesse, so ware sie von ganz gleichem Typus wie die Leber des Del- 
phinus. Die untere Flache der DelphinusAiAier lasst keine Erhohung, welche 
wie bei der Leber der Hylobatinae einen verborgenen Processus caudatus an¬ 
deutet, erkennen. Ob sich beim Delphinus der Processus caudatus mit der 
unteren Flache des Lobus dexter substantiell vereinigt hat und dbrf verborgen 
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bleibt, Oder ob er geschrumpft verschwunden ist, das lasst sich nicht leicht 
entscheiden. Denn es gibl unter den Pecoren solche Tiere, bei denen der 
Processus caudatus wie bei der Anoa depressicomis merklich geschrumpft ist. 
Da aber von meinem Standpunkte aus von der Abnahme der Lappenzahl nur 
in dem Falle, wo sich die Lappen suhstantantiell vereinigt haben, die Rede 
sein kann, so ware es nicht eben unrecht, auch die Verschwundenheit des 
Processus caudatus beim Delphinus so aufzufassen, dass dcrselbe sich mil der 
unteren Flache des Lohus dexter substantiell vereinigt hat und dort verborgen 
bleibt. 

Aus diesen morphologischen Griinden steht die Leber des Delphinus unter 
vielen Mammalien sru der des Certms in innigster Beziehung. Die Auffassung, 
dass diese Lebern einander ahnlich geformt bald den 3-lappigen Typus wie 
beim CervuSy bald den 2-lappigen wie beim Delphinus angenommen haben, je 
nachdein der Processus caudatus des Lobus caudatus yum Vorschein gekommen 
ist oder nichl, wiirde genehmigt werden in Anbctracht, dass unter den Primatcn 
der 3 lappige Lehertypus vom Anthropithecus niger dadurch entstanden ist, 
dass ausser dem rechten und linken Lappen der Lobus caudatus zum Vorschein 
gekommen ist, und der 2-lappige von der Hvlobatinae dadurch, das*^ ausgenom- 
men die oben erwahnten zwei Lappen der Lobus caudatus seine Gestalt nicht 
zeigt. 

Demnach kann man den Transformationsprozess der Leberform vom Grund- 
typus nainl. von dem 6-lappigen-Typus der ( arnivoren, bis zum 2-lappigen des 
Delphinus als wic folgt annehmen : 

Zuersf kommt eine Stufe fiir den o-lappigen Typus des Sus (Non-Rumi- 
nanten), nachdem der Grundtypus so wie bei Equus (Perissodactylen) auch bei 
Camerus (Ruminanten) noch als 6-lappiger seine Herrsc-haft gehalten hat, folgt 
dann der 3-lappige Typus bei den Pecoren, wie z. B. beim Cervus mit der 
3-lappigen Leber ohne Gallenblase, und endlich entwickelt sich der 2-lappige 
Typus des Delphinus durch Verschwinden vom Lobus caudatus, der als ein 
Lappen stand. 

Soldier Transformationsprozess der Leberform von den Ungiilaten bis zu 
den Odontoceten scheint mir morphulogisch sehr bedeutungsvoll zu sein, wenn 
ich ihn mit dem Befund vorgleiche: dass bei den Primaten die Leber des 
Nycticebus tardigradus (Prosimiae) in (vlappen eingeteilt den Grundtypus 
bildet, wahrend die Lebern der Ateles und der Hapale unter den Platyrhinen 
wie auch Macaci und Cercopitheci unter den Catarhinen vom 5-lappigen Leber 
Typus sind, die des Pygatherix obscurus und des Papio unter den Simnopithe- 
cinae vom 4-lappigen, die des Anthropopithecus niger vom IMappigen, die 
Menschenleber vom unvolistandigen 3-lappigen, bei welchem Processus caudatus 
zurucktritt. Und die Leber der Hylobatinae von 2-iappigcn ist. 

Deshalb mochte ich den Delphinus unter derfi Ungulaten-System einordnen 
und dieses als Odontoceten-Ungulaten-System benennen. 

Wenn man nun die beiden Systeme, das Odontoceten-Ungulaten-System 
und das Primaten-System, vergleicht, so lassen sie fast gleiche regelmassige 
Verminderung der Leberlappenzahl, 6, 5, 4, 3, 2 erkennen, und die Stellung 
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der DelphinusAeher im Odontoceten-Ungulaten-System entspricht wohl der der 
Hylobatinae im Primaten-System. 

So ist die Leber des Delphinus wie die der Hylobatinae durch die Ver- 
einigungen der einzelnen Leberlappen des Grundtypus entstanden, der linke 
Lappen namlich durch die Vereinigung des Lobus lateralis sinister mit dein 
Lobus medialis sinister, und der rechte durch die des Lobus quadratus mit 
dem Lobus medialis dexter, Lobus lateralis dexter und Lobus caudatus. 

B. Vergleichung der extrahepatischen Gallengange 

1) Schema der extrahepatischen Gallengange der Vertebraten. 

Ich habe die Formen der extrahepatischen Gallengange der Vertebraten 
schematisch zusammenfassend in zwei Haupttypen eingeteilt: 

I. Typus mit typisch geformten Ductus choledochus und 

II. Typus mit nicht typisch geformten Ductus choledochus, (bei welchem 
der Ductus hepaticus in seinem oberen Teile ausserhalb des Darmes mit dem 
Ductus cysticus nicht zusammenkommt und zwar beide einzoln in die Darm- 
wand eindringen, so dass der Ductus choledochus nicht typisch geformt ist. 
Wir sehen den I Typus bei Mammaiien, Amphibien und Pisces, und den II 
bei Aves und Reptilien. 

Die Gallengange von Mammaiien unterscheidet man auch nochmal in 2 
Gruppen: 

1. Mit Gallenblase ; bei welchem der Ductus choledochus durch die Ver¬ 
einigung des Ductus cysticus mit dem Ductus hepaticus entstanden ist. 2. Ohne 
Gallenblase; bei welchem der Ductus choledochus durch die Vereinigung der 
Ducti hepatici miteinander entstanden ist. In dieser Abhandlung wird der 
zweite gallenblasenlose Typus bei den Mammaiien nur zum Gegensiande der 
Erklarung gewahit. Unter diesem Typus finden sich zwei Arten vor: die 
eine, bei der beide Ducti hepatici, der rechte und der linke, Y-forniig in den 
Ductus choledochus ubergehen, und die andere, bei der mehrore Ducti 
hepatici baumzweigformig zusammenkommen. Der erstere sei der Gabeltypus, 
und der letztere der Baumzweigtypus genannt. 

Zum Gabeltypus gehoren die Gallengange des Camel us, Muntiacus reevesii 
und Cervus, und zum Baumzweigtypus die der Tiere ohne Gallenblase unter 
den Rodenen, (d. h. des Sciulus lis, des Rattus, der Bandicota nomorivaga 
(Hodyson) (Murinae) und die des Equus. 

2) Vergleichung der extrahepatischen Gallengange von Delphinus mit denen 
der anderen Mammaiien. 

Die extrahepatisc*hen Gallengange des Delphinus gehoren selhstverstandlich 
zum Gabeltypus ohne Gallenblase, und in dieser Hinsicht sind die gallenblasen- 
losen wie der Camelus, Muniiacus reencsii und Cervus mit ihm als gleichartig 
zu betrachten. 

In Wirklichkeit ist bei diesen vier Tieren der Ductus choledochus auf 
gleicher Weise entstanden. (Der Ductus choledochus ist durch die Vereinigung 
der zwei Ducti hepatici miteinander entstanden und gegabelt.) 
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Beim Cervm ist nicht nur die Langen-, sondern auch die Dickenpropor- 
tion zwischen verschiedenen Teilen des Ductus choledochus fast gleich wie die 
beim D^lphinus, und man kann sagen, dass unter den extrahepatischen Gallen- 
gangen der Mammalien die des Cenms denselben des Delphinus am meisten ahniich 
sind. Und so gilt es, diese beiden noch eingehender miteinander zu vergleichen. 

Die morphologischen Unterschiede zwischen beiden sind folgendes: 

1. Beim Cervus verlauft der ganze Ductus choledochus in gleicher Rich- 
tung wie der Ductus hepaticus sinister, fast auf einer geraden Linie mit die- 
sem, von vorn links schrag nach hinten rechts. Beim Delphimis ist der obere 
Teil des Ductus choledochus ausserhalb des Darmes an der Stelle, wo dieser 
Ductus den Ductus pancreaticus in sich aufnimmt, rechtwinklig stark nach 
rechts gebogen. 

2. Beim Cervtts biegt sich das Duodenum U-formig, wo es den Ductus 
choledochus in sich aufnimmt, und dieser dringt an seiner dritten Kriimmung 
in die Darmwand hinein. 

Beim Delphinus bildet der Anfangsteil des Duodenum eine grosse Ampulle, 
zeigt aber keine besondere Kriimmung, und der Ductus choledochus dringt 
gegen die obere Wand dieser Ampulle distalwarts in die Darmwand hinein; 
d. h. das Duodenum des Cervus und des Delphinus sind da, wo sie den Ductus 
choledochus in sich aufnehmen, anders geformt. 

3. Beim Cervus zeigt der Ductus choledochus da, wo er in die Darmwand 
hineindringt, eine Verengung, welche von der Darmwand ausgeiibt entstanden 
ist, was die Exislenz der besonderen Kriimmung des Duodenum zur Ursache 
hat. Die Hdhle des Ductus choledochus lasst nirgends eine klappenformige 
Falte erkeimen. 

Dagegen zeigt der Ductus choledochus des Delphinus keine Verengung, 
wo er in die Darmwand hineindringt, sondern ist erweitcrt und lasst unten 
ungefahr in der Mitte der Pars intestinalis eine bedeutende trichterformige, 
klappenformige Falte erkennen. 

Die Verengung der Pars intestinalis des Ductus choledochus vom Grvus 
und die trichterformige Falte in derselben des Delphinus sind morphologiscdi 
verschieden, physiologisch aber scheinen sie von gleicher Bedeutung zu sein. 
Denn wie beim Cervus ober- und unterhalb der Verengung, so auch beim 
Delphinus an der trichterformigen Falte, zeigt der Ductus choledochus leichte 
spindelformige Erweiterung, 

4. Beim Cervus ist die Wand der Gallengange liberall sehr diinn, des- 
gleichen die des Duodenum. Beim Delphinus dagegen ist die Wand der Gal¬ 
lengange wie auch des Duodenum sehr dick. 

5. Beim Cervus ist die Ausmundung des Ductus choledochus so geformt, 
dass man vermuten muss, sie wiirde im lebenden Korper nie ganz geschlossen 
werden. Die Ausmundung des Ductus choledochus des Delphinus dagegen ist 
fast verschlossen. 

6. Die Entfernung vom Pylorus bis zur Miindung des Ductus choledochus 
ist beim Delphinus sehr nahe, beim Grvus dagegen verhaltnismassig weit. 

Die morphologischen Ahniichkeiten zwischen den Gallengangen des Cervus 
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und des Delphinus sind folgende: 

1. Die beiden Ducti hepatic! sind dick, und zwar der linke etwas dicker 
als der rechte; der rechte ist kurz, der linke weit langer als der erstere* 
Beide kommen Y-fbrmig zusdmmen und gehen in den Ductus cboledochus iiber. 

2. Der Ductus cboledochus ist etwas dicker als die beiden Ducti hepatici. 

3. Der obere Teil des Ductus cboledochus ausserhalb des Darmes ist fast 
gleich lang wie die Pars intestinalis. 

4. Beide Teile (Pars intestinalis und R extraintestinalis) zeigen je eine 
leichte spindelformige Erweiterung. 

5. Ungefahr in der Mitte des oberen Teiles des Ductus cboledochus 
ausserhalb des Darmes kommt der Ductus pancreaticus mit ihm zusammen. 

Alles zusammengefasst: die extrahepatiscben Gallengange des Delphinvs 
und des Certms sind im wesentlichen einander sehr ahnlich, und man kann 
sagen, dass die beiden vom gleichen Typus seien, obgleich sie einige wenig 
bedeutende Verschiedenheiten zeigen. 

C. Vergleichung des Ductus pancreaticus 
(Vergleichung der Vereinigungsformen des Ductus 
cboledochus mit dem Ductus pancreaticus.) 

1) Schema des Ductus pancreaticus der Mammalien 

Bei den Mammalien iindet man hauptsachiich einen Ductus pancreaticus 
der in Duodenum miindet. Der Hauptpancreasgang vereinigt sich bald mit 
dem Ductus cboledochus oder mundet spater ganz dicht anliegend an der 
Miindung des letzteren in die Daimhbhle hinein. Somit erklare ich weiter 
etwas eingehend fiber den ersteren Fail, bei welchem sich der Ductus pancrea¬ 
ticus mit dem Ductus cboledochus vereinigt. 

A) Der eine Fall, bei dem sich der Ductus pancreaticus innerhalb der 
Darmwand mit der Pars intestinalis des Ductus cboledochus vereinigt. Die 
Kobe der Vereinigungsstelle ist je nach der Tiere verschieden, aber es ist hier 
nicht naher zu erklaren. 

B) Der andere, bei dem sich der Ductus pancreaticus ausserhalb des 
Darmes mit dem Ductus cboledochus vereinigt. Diese Vereinigungsstelle liegt 
zwar nach Tierarten in verschiedenen Hbhen, doch wird hierin eine ungefahre 
Regelmassigkeit beobachtet. 

1. Eine niedrige Vereinigungsstelle. Der Ductus pancreaticus vereinigt 
sich mit dem Ductus cboledochus in dem unteren Eindrittel der Pars extra¬ 
intestinalis desselben z. B. bei Rattus und Makropoden (Phytophagen). 

2. Eine mittlere Vereinigungstelle. Bei dies vereinigt sich der Ductus 
pancreaticus mit dem Ductus cboledochus ungefahr im mittleren Drittel der 
langen Pars extraintestinalis desselben. 

Bei den Pecoren mit Gallenblase kommt der Ductus pancreaticus mit dem 
Ductus cboledochus ein wenig unterhalb der Mitte der kurzen P. extraintes¬ 
tinalis desselben ; beim Cervus, welchem die Gallenblase fehlt, fast in der Mitte. 
Bei der Giraffa cameleopardalis ist die Vereinigungsform der beiden Gange 
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der des Cefnms ahniich. 

3. Eine hohere Vereinigungsstelle. Die Vereinigungsstelle befindet sich 
im allgemeinen in der Gallenblasenhalsgegend. 

Diesen Typus haben die Hystricidae, Hystrix cristata, und Erethizon dorsatus. 
Weil bei diesen Tieren zwei Ducli hepatici dicht an der Halsgegend der Gal- 
lenblase mit dem minimal kurz gewordenen Ductus cysticus zusammenfliessen 
und somit unmittembar der Ductus choledochus entsteht, so hat sich kein Ductus 
cysticus bei ihnen gebildet; sie sind von einer besonderen Art, welche die 
Gallenblase und doch keinen Ductus cysticus besitzt. Ductus pancreaticus wird 
bei ihnen entweder in den Anfangsteil des Ductus choledochus {Hystrix cristata) 
oder in die Hohle des Halses der Gallenblase {Erethizon dorsatus) aufgenommen. 

Bei den Mammalien wird also die Tendenz bemerkt, dass sich die Ver¬ 
einigungsstelle beider Ducti stufenweise von unten nach oben verschiebt: bei 
einigen Mammalien vereinigen sich beide Ducti iiberbaupt nicht und sie miinden 
einzeln in die Darmhohle ein, dann gibt es solche, bei denen sie sich unten in 
der Darmwand (in der Nahe der Darmhohlen-miindung) vereinigen ; und dann 
solche, bei denen sie sich etwas oben ausserhalb des Darmes vereinigen ; und 
zuletzt solche, bei denen der Ductus pancreaticus noch weiter oben in die 
Halsgegend der Gallenblase aufgenom ren wird. 

2} Vergleichung des Ductus pancreaticus von Delphinus mit denen der 
anderen Mammalien. 

Die Vereinigungsform des Ductus choledochus mit dem Ductus pancrea¬ 
ticus des Delphinus gehbrt dem Typus, bei dem sich der Ductus choledochus 
ausserhalb der Darmwand mit dem Ductus pancreaticus vereinigt, d. h, dem 
Typus mit der mittleren Vereinigungsstelle, an. In dieser Beziehung gleicht 
der Delphinus genau dem Cervus, dem Gallcnblasenlosen unter den Pecoren. 

Die Unterschiede in der Vereinigungsform beider Ducti zwischen dem 
Delphinus und dem Cervus sind folgende: 

1. Beim Cervus wird der Ductus pancreaticus in die rechte Wand des 
Ductus choledochus aufgenommen, indem er fast rechtwinklig zu diesem fallt; 
und der gemeinsame Gang beider Ducti behalt die Richtung des eigentlichen 
Ductus choledochus. Beim Delphinus treffen der Ductus pancreaticus und der 
Ductus choledochus, von der entgegengesetzten Richtung kommend, zusammen, 
und der gemeinsame Gang beider Ducti biegt sich nach rechts, indem er recht¬ 
winklig zu beiden fallt. Der Ductus pancreaticus des Delphinus wird so auf 
der linken Wand des Ductus choledochus in diesen aufgenommen. 

Weil bei diesem Delphinus das Pankreas in der U-formigen Kriimmung 
der IV Magenkammer als ein Klump eingesetzt und hier fixiert ist, so liegt 
es zur linken des Ductus choledochus. Infolgedessen scheint sich der Ductus 
pancreaticus auf der linken Wand des Ductus choledochus mit diesem vereinigt 
zu haben. Das Pankreas des Cemis liegt ausserst unregelmassig geformt zur 
rechten Seite des Ductus choledochus, und heftet sich teils an diesen, nicht 
aber an Magen und Duodenum. 

2. Beim Cervus ist der Ductus pancreaticus weit schmaler als der Ductus 
choledochus, und zwar nimmt er bis zur der Vereinigungsstelle mit letzterem 
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mehrere Pankreaszweige in sich auf; ausserhalb des Pankreasgewebes jedoch 
kommen sie nicht zum Vorschein. 

Beim Delphinus ist der Ductus pancreaticus sehr dick; der Durchmesser 
desselben ist dem des eigentlichen Ductus cholcdochus oberhalb der Vereinig- 
ungsstelle mit dem Ductus pancreaticus fast gleich, und der eigentliche Ductus 
pancreaticus ist ausserhalb des Pankreasgewebes ziemlich weit zum Vorschein 
gekommen. 

llnter vielen Mammalien, sowcit ich hiermit beobachtet babe, haben keine 
einen relativ so dicken Ductus pancreaticus wie bei dem DelphinuSy auch war 
dieser Ductus bei keinen ausserhalb des Pankreasgewebes zum Vorschein ge¬ 
kommen. 

Kurz gesagt, die Vereinigungsform des Ductus choledochus mit dem 
Ductus pancreaticus beim Cerms und Delphinus sind auch als vom gleichen 
Typus zu betrachten. 


VI. Schluss 

Wie oben dargestellt, habe ich die Leber, die Gallengange und den Pan- 
kreasgang des Delphinus morphologisch ganau beobachtet und gefunden, dass 
sie denen des gallenblasenlosen Cervus^ morphologisch am meisten ahnlich sind. 
Nachfolgend driicke ich sie bei Delphinm auch schematisch mit Typenwortern 
aus. 

1. Die Leber: Gallenblase nicht erhaltener 2-lappiger Lebertypus (ge- 
hort dem Odontoceten-Ungulaten-System an). 

2. Die extrahepatischen Gallengange: Gabeltypus bei dem Gallenblasen¬ 
losen (gchort zum normal typischen. Ductus choledochus der Mammalien). 

3. Der Pankreasgang: Typus, bei dem der Ductus choledochus ganz in 
mittlerer Hohle des letzteren ausserhalb des Darmes zusammentliesst. 

Aus diesen Forschungen mbchte ich sachlich vermuten, dass der Delphinus 
den Pecoren unter den Ruminanten, vor allem aber dem Cervus, dem Gallen¬ 
blasenlosen unter den Pecoren, irgendwie stammverwandt sei. 
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Introduction 

In echinoids the interspecific cross is comparatively easy; in some cases 
even the intergeneric, interfamilial or the interordinal cross is possible. More¬ 
over the development of the larva is so quick that the distinctive specific 
characteristics appear within a few days. P'or these reasons the echinoids 
have been used a great deal for the study of certain fundamental biological 
problems, such as the nature of interspecific distinction, the relative role played 
by the egg and sperm in the formation of the larva, and the relation between 
chromosomes and the cytoplasm in development. Thus, we already have in 
this field works by more than thirty different investigators. Of these the more 
important ones are reviewed in the next chapter. 

Historical Review 

Boveri (1889) divided the egg pf Sphaerechinus fpranularis into nucleated 
and non-nucleated fragments and fertilized them with the sperm of Echinus 
microtuherculatus. He got patroclinous larvae from the non-nucleated fragments, 
and patroclinous and intermediate larvae from the nucleated fragments. This 
experiment, he thought, confirmed the decisive role played by the nuclear 
material in determining the filial characteristics. 

Seeliger (1894) worked on the same combination, Sphaerechinus granulans 
X Echinus microtuberculatus J', but with the difference that the whole egg, 
and not fragments, was used in this case. The results, however, differed 
rather widely from what Boveri had found. The hybrids showed the charac¬ 
teristics of the parent species in various mixtures: some were rather patro¬ 
clinous, odiers were distinctly mattoclinous, while still others were intermediate 
between the parents. 

Morgan (1896) carried on the cross, Sphaerechinus x Echinus or 
Strongylocentrotus and found that the skeletal structures of the hybrid lar¬ 
vae were largely patroclinous. The postoral rod which showed the most de¬ 
finite specific difference in the parent species, however, was too variable to 
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enable him to judge whether the hybrid was patroclinous or matroclinous. 

Driesch (1898, 1903) made the crosses among Sphaerechinus, Strongylo- 
centrotus and Echinus^ and found that the skeletons of the hybrids showed 
various mixtures of the parental characteristics. 

Vernon (1899) declared, basing his statement on his experiment on Sp/iacr- 
echinus x Strongylocentrotus c?', that the genetic affinity of the hybrid 
depends much on the maturity of the sperm. In the summer months, when 
the maturity of the sperm is the lowest, the hybrids generally become 
matroclinous, whereas in the autumn and winter months, when the maturity 
of the sperm is the highest they become patroclinous. Thus he propounded 
that the genctical affinity of the hybrid depends primarily on the relative 
maturity of the germ cells of the parents. 

Steinbriick (1902) made the cross, Sphaerechinus Strongylocentrotus 
and got hybrids of three types patroclinous, matroclinous and intermediate 
in the same culture bowl. He stated that it was difficult to give a definite 
judgement on the features of the hybrid larvae, because the larvae showed 
high individual variability in both external form and internal structure. 

Doncaster (1904) made various crossing experiments among the Echinus^ 
Strongylocentrotus^ Sphaerechinus and Arbacta species. He concluded that the 
maturity of germ cells exerts no direct influence upon the development of 
hybrid characters, and that the vitality of germ cells has no relation whatever 
to the inheritance of the characters of the parents. The seasonal distinction 
alleged by Vernon was no other than the effect of a high temperature of sea 
water. Thus, he was able to raise the “summer’’form in winter b} merely 
raising the temperature of sea water from 20°C to 22’C in which the hybrids 
of Sphaerechinus x Strongylocentrotus was cultured. 

Herbst (1906) reached the same conclusion as Doncaster in his hybridiza¬ 
tion experiments with Sphaerechinus, Strongylocentrotus and Echinus, namely, 
that the seasonal distinction of the larval form is not due to the rate of maturity 
of germ cells but merely to the temperature of sea water. He admitted, however, 
the variability of the results was partly due to the structure of the egg. 

Fischel (1906) obtained matroclinous hybrids mostly in his cross Strongy- 
loceMrotus x Arbacia and Strongylocentrotus x Echinus but patrocli¬ 
nous ones in the cross Arbacia ^ x Fxhinus He also noticed in his cross, 
Echinus 4- x Strongylocentrotus that, in spite of the matroclinous cell form 
of the hybrids, the plasm showed a patroclinous characteristic in having a 
granular substance in abundance as well as in its staining reaction. 

Godlewski (1906) succeeded m crossing Echinus ^ y Antedon ^. The 
sperm nucleus fused with the egg nucleus. Nevertheless, it apparently exerted 
no influence on the larval characters which were purely matroclinous. 

Kupelwicser (1909) found, in crosing the Echinus egg and the Mytilus 
sperm, that the sperm activated the egg to development, although the male 
pronucleus remained in the plasm without fusing with the egg nucleus. 

Hagedoom (1909) found in his crossing experiment of Strongylocentrotus 
purpuratus and Sfron^locentrotus franciscanus that, although the larval cha- 
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racters showed high variability on almost every point, all the hybrids were 
largely matroclinous so far as the form of the apical end of the body rod, a 
comparatively stable character, was concerned. 

Baltzer (1910) observed in the hybrids of Sphaerechinus, Strongylocentrotus, 
Echinus^ Arbacia, a Crinoid and others, elimination of chromosomes which 
occurred very often. 'Fhe eliminated chromosomes, according to him, were 
always paternal, and the hybrids became matroclinous. In the case when the 
elimination did not occur, intermediate hybrids were obtained. He further 
pointed out that the chromosome elimination was usually accompanied by some 
pathological features of the larvae. Similar features also resulted from the 
toxic ac tion of the foreign sperm. 

Tennent (1909, ’10, ’12, ’22, ’29) confirmed that in the hybridization of 
Hipponoe and ToxojmeusteSf the characters of Hipponoe become prevalent in 
either combination, when the experiment is carried out in ordinarv sea water, 
while the result is just the reverse when the alkalinity of the water is decreas¬ 
ed by adding sw»me acid to the water. Thus, he concluded that the great 
di.screpancy found among the results obtained by the previous workers was 
mainly due to the difference in the chemical composition of the sea water. 
This view of Tennent was refused by Kohler (1915 ’16) on the basis of the 
cross bctwx*en Strongylocentrotm y Sphaerechinus He held Vernon’s 
view of the relative maturity of germ cells affecting the skeletal character. 
Tennent further observed that the development of hybrid larvae stopped when 
more than half the chromosomes were eliminated. 

Loeb, King and Moore (1910) crossed Strongylocentrotus purpuratus with 
Strongylocentrotus franciscanus, and observed that the characters of the hybrid 
larva were the combinations of the larval characters of the parents: for in¬ 
stance, the club-shaped body was that of purpuratus, while the ixiund body 
was characteristic of the franciscanus larva. The authors disagree with Ten- 
nent’.s view on the influence of the alkalinity of sea water on the featurt\s of 
the hybrid larva. 

Loeb (1910) obtained, in his experiment with Strongylocentrotus purpuratus 
X Strongylocentrotus franciscanus patroclinous hybrids in respect to se¬ 
veral characters. Some larvae showed an abnormality similar to the one 
obtained by treating the eggs with NaCN. He admitted that the genetical 
infuence of the sperm appears in the features of the hybrid larva when the 
sperm nucleus is of the same chemical nature as the egg nucleus, but that 
otherwise the sperm has no effect. 

MacBride (1911-“’J2) experimented with the cross Echinus y Echinocar- 
dium ^ and obtained purely matroclinous hybrids. The reciprocal cross, how¬ 
ever, gave matroclinous larvae possessing the aboral spike peculiar to the 
mother species; the others were patroclinous without any spike. This result 
was confirmed later by Fuchs (1913). 

Doncaster and Gray (1913) crossed Echinus miliaris with Echinus escu- 
lentus and got purely matroclinous hybrids from the fertilized eggs from 
which several chromosomes were diminated. In the reciprocal cross of the 
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above, however, no elimination of chromosomes occurred; still the hybrid was 
similarly matroclinous. Based on these observations the authors expressed the 
view that there is no relation whatever between the characters of hybrids and 
chromosome elimination. 

Shearer, De Morgan and Fuchs (1911-^12) worked on the hybridization 
of Echimis miliaris. Echinus esculentus and Echinus acutus, taking the presence 
and absence of the posterior epaulet and of the green pigment as the distinc¬ 
tive features of the hybrid larva. They got matroclinous hybrids from the 
combination, Echinus esculentus Echinus miliaris in their experiments 
during the first two years. In the experiments during the following years on 
Echinus miliaris x Echinus acutus and on Echinus miliaris ? x Echinus 
esculentus however, they got patroclinous larvae. Moreover, in the cross. 
Echinus acutus Echinus miliaris matroclinous hybrids wore obtained. 

Debaisieux (1912) experimented on Echinus miliaris. Echinus esculentus 
and Echinus acutus^ by using the posterior epaulet, posterior pedicellaria and 
the green pigment as distinctive features. He found that the posterior epaulet 
was invariably formed and the posterior pedicellaria in most cases, irrespective 
of the combination of the parents, but that the green pigment never appeared. 
Moreover, he discovered that no pigment was formed even in the pure bred 
larvae, when they were kept in starvation. 

Hindercr (1911) treated the eggs of Sphaercchinus w^ith carbonic acid 
gas in order to enlarge the nuclei and then fertilized them with the sperm of 
Strongylocentrotus. Thus he obtained more matroclinous hybrids than those 
developed from untreated eggs. 

Kohler (1915-’16) crossed Strongylocentrotus with Sphaercchinus and got 
intermediate hybrids in various degrees. He declared that the activity of 
genes depends not on the alkalinity, salinity or oxygen content of the water, 
but on the maturity of the germ cells. 

Lillie (1921), in his hybridization of Paracentrotus purjruratus and Paracen- 
trotus franciscanus, found that the purpurafus sperm 500 times the ordinary 
density were required to fertilize the franciscanus eggs as compared with the 
case of straight fertilization of the latter species, while the franciscanus sperm 
750 times the ordinary density were necessary to fertilize purpuratus eggs, as 
compared with the straight fertilization of the latter species. 

Landauer (1922), after treating the Sphaercchinus eggs with ammonium 
solution to expand the nuclei, fertilized them with the Strongylocentrotus sperm. 
Thus he obtained strongly matroclinous hybrid larvae, while the larvae of an 
intermediate form developed from the control eggs. 

Von Ubisch (1923, ’31, ’32, ’33, ’33) obtained from crossing experiments 
with Echinocardium, Echinus, Paracentrotus and Sphaercchinus, only matrocli'* 
nous hybrids, regardless of chromosome elimination occurred or not. The hy¬ 
brid larvae were of various types, patroclinous, intermediate or matroclinous, 
according to the season from summer to autumn in which the experiments 
were carried out. The hybrids were generally matroclinous in the cross Echi- 
nocardiumy Ophiotkrix , but the plasms of certain cells were opaque, 
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which is a patroclinous character. Besides, he transplanted the skeleton- 
forming micromeres of a blastula into another. In the case of homeoplastic 
transplantations, 75 9^ of the larvae developed normal skeletons, while the rest 
were abnormal. Nearly the same percentage of succe^^sful cases were obtained 
with Strongi^Iocf'Tdrotus and Echinufi, belonging to the same family. The per¬ 
centage decreased to 69 9^ in the combination of Sphacrechinus and Echinus, 
belonging to different families, and to 429^ in the combination of Echinocar- 
dium and Echinus, belonging to different orders; in the la^t case the remain¬ 
ing 58% became chimaerae as far as the skeletal structures were concerned, 

Matsui (1924) in his experiment on Echinarachnius parmay Arbada 
punctulota got matroclinous hybrids and concluded that the eliminated 
chromosomes were paternal. 

Niimann (1932) demonstrated that the higher the temperature, the more 
complicated became the larval skeleton. The cross, Echinocardium cordatum ?- 
X Echinus miliaris , yielded hybrids, both intermediate and matroclinous. 
This fact he ascribes to the difference in the maturity of germ cells. More¬ 
over, he got two types of chimaerae with respect to the skeletal structure, one 
a mosaic of the parental characters and the other an intermediate between 
them, by trans[)Ianting the skeletal-forming micromeres of both Fx^hinocardiuin 
and Echnocyamus into the whole blastula of Echinus mdians and Echinus 
nucrotuherculalus, 

Moore (1933) carried out crossing experiments with Dendraster and Para- 
ccntrotus, which have highly different cleavage tempos. He found that the 
cleavage tempo of tho hybrid egg is exactly the same as that of the mother 
species. 

Altrogge (1935) transplanted four micromeres of the hybrid from Echino¬ 
cardium cordatum ^ x Paracentrotus inicrotuherculatus ^ into the blastula of 
Echinocardium cordatum from which two, three or all the four micromeres had 
been removed. Thus he obtained chimaerae which showed more paternal 
influence in proportion to the amount of cRromalin contained in the removed 
micromeres. The reciprocal combination yielded much similar results. 

Hdistadius (1936, MO) found, in Psamniechinus miliaris ^x Echinus escu- 
lentus </, that the combination of the green pigment, posterior epaulet and 
the posterior pedicellaria in the hybrid was different from that in the case of 
Shearer, De Morgan and Fuchs (1911-’12). Moreover, he succeeded in get¬ 
ting plutei in hybrid merogonies of both directions by using Psammechinus 
lividus and Paracentrotus microtuberculatus as material. Thus he confirmed 
that the merogony hybrid, Paracentrotus<ytop\asm'hPsammechinus-nucleus, 
was entirely of the Psammechinus type. The specific characters in this case, 
therefore, were determined solely by the nucleus, whereas the larva with the 
Psammechinus<ytop\zsta + Paracentrotus-nuclous presented the characteristics 
of Psammechinus in some parts of the body. 

When we review the works of the previous authors mentioned above, it 
becomes evident that on the technical side of this kind of experiment, the 
workers were mainly interested in the questions of whether the cross among 
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differait species, genera, families or orders of the echinoids is feasible (or not); 
whether it can be done with facility or only with some difficulty; whether the 
hybrid larvae are normal or abnormal; or whether the hybrid presents patro- 
clinous or matroclinous features. On the theoretical side, on the other hand, 
the points on which many of the workers have been most interested are, 
whether the vanous characters of the hybrid larva become patroclinous, matro> 
clinous, mosaic or intermediates of those of the parent species, and how the 
tendencies appear in each case The question, needless to say, has a direct 
bearing on the important problem of the relative role played by the chromatin 
and plasm for the establishment of the larval characters. So far these questions 
have not yet been answered conclusively. The present investigation was un¬ 
dertaken in the hope of contributing something to the solution of these im¬ 
portant problems. 

Before going further, 1 wish to express my hearty thanks to Professor 
Taku Komai of the Kyoto Imperial University for his kind encouragement 
and helpful suggestions throughout the course of this work. I am also indebt¬ 
ed to the Department of Education, and to the Japan Society for the Promo¬ 
tion of Scientific Research, for their financial aid. 

Material and Method 

Ten species of echini representing nine genera, six families and two or¬ 
ders were used for this study. Altogether 23 crosses were carried out. 

In order to get good results in cross fertilization, only the ripest germ 
cells were used, and a higher density of sperm-suspension than in the straight 
fertilization was found necessary. 

Bouin’s fluid or aceto-sublimate was used as the fixatives, and Heidenhain’s 
haematoxylin as the staining dye. The sections were cut at 5-7 micra in 
thickness. 

In order to exclude the so-called pseudohybrids, the nuclei of the larva 
were measured and the number of the chromosomes counted. The entire work 
was carried out during the years 1932-’38 at Katuura in the Prov. of Kii 
and Goza in the Prov. of Sima. 


Experiments 

1) Temnopleurus toraimaticus x Mespilia ^ 

The Temnopteuriis egg is very small and transparent. The skeleton of 
the larva (Fig. 1) is of a non-basket structure, with simple recurrent rods (r), 
a fenestrated postoral rod (p) and mutually intersected ventral transverse rods 
(v). The body rods (b) are relatively long, and the body is more or less 
truncated at the posterior end. 

The Mespilia egg is also very transparent but somewhat larger than the 
formed. The skeletid structure of the larva is similar to riiat of the Temno- 
pleurm larva but different in the body rods (b) which are somewhat shortWt 
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Fig. 1. Tetnnapleurus toreumaticus 
Fig. 2. Mespilia globulus 
Fig. 3. Tetnnopleurus toreumaticus 
xMespilia globulus 

Fig. 4. Mespilia globulus x Temuop- 
leurus toreumaticus 

2) Mespilia globulus x Temno- 
pleurus toreumaticus ^ 

The reciprocal cross of the 
above also produced normal larvae 
(Fig. 4). '^This cross was carried out 
in two successive summers (1935, 
1936); the results obtained were 
somewhat different. In the first 
summer both the skeletons and 
body forms of a greater part of 
the larvae were patroclinous, but in 
the second both patroclinous and 
ihatroclinous larvae were raised 
even in the same culture-bowL No 
elimination of chromosomes occur¬ 
red either in the first cleavage or 
in die division in the later-stage 
embryes. 


and in the posterior end of the larval 
body, which is more sharply truncated 
(Fig. 2). 

The cross-fertilization between the 
two species is as easy as the straight 
fertilization. The hybrid larvae are 
normal in appearance (Fig. 3). Most 
of them have short body-rods and sharp¬ 
ly truncated posterior ends. Thus they 
are largely patroclinous. Some larvae 
showed abnormalities in their skeletal 
structures. 





Fig. 5. Heliocidaris crassisptna 
Fig. 6. Temmopleurus toreumaticus 4- 
Heliocidaris crassispina ^ 

Fig. 7. Temnopleurus toreumaticus 4- x 
Heliocidaris crassispina cT 
Fig. 8. Heliocidaris crassispina 4- x 
Temnopleurus toreumaticus ^ 

Fig. 9. Mespilia globulus 4- X Heliocida¬ 
ris crassispina cT 
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3) Temnapleurus toreumaticus x Helioddaris crassispirua ^ 

These two species belong to different families. In the latter species the egg 
is small and very opaque; the larval skeleton is of a compound-basket structure 
with double recurrent rods (r), united ventral transverse rods (v) and short body 
rods (b) (Fig. 5), thus differing considerably from that in the former species; 
the body is truncated at the posterior end. Only a few eggs developed from 
this cross. The larvae had very irregular skeletons, so that it was very hard 
to decide the genetic affinity of the hybrid (Fig. 6). No elimination of chromo¬ 
somes, however, occurred in the cell divisions examined. Some larvae had a 
great quantity of pigment (Fig. 7). The larvae died within a few days. 

4) Helioddaris crassispina x Temnopleurus toreumaticus ^ 

In this cross which is reciprocal of the above, only a few eggs developed. 
The hybrid larvae were abnormal (Fig. 8). Chromosome elimination occurred 
in the first cleavage. This fact may deserve special mention as a contrast to 
the preceding case, 

5) Mespilia ^ohulus x Helioddaris crassispina 

In this cross still fewer eggs developed. The larvae were extremely ab¬ 
normal (Fig. 9), and some were strongly pigmented. Chromosome elimination 
was not found either in the first cleavage or in the subsequent cell divisions. 

6) Temnopleurus toreumaticus x Astriclypeus manni 

Very few eggs developed in this interordinal crossing. The skeleton of 
of the Astriclypeus larva is of a simple-basket structure (Fig. 10), and the 
body (b) and recurrent rods (r) form an intricately fenestrated plate at the 

posterior end. The hybrid larvae 
were very abnormal, as expected 
(Fig. 11) ; but no chromosome 
elimination occurred, a fact wor¬ 
thy of special notice. 

7) Helioddaris crassispina x 
Toxopneustes pileolus 
In this interfamilial cross 
many eggs were fertilized. The 
skeleton of the Toxopneustes larva 
is of a simple-basket structure 
(Fig. 12) with a simple recurrent 
rod (r) and long body rods (b), 
the ventral transverse rods (v) 
coming in slight contact with 
each other. The body is rounded 
at the posterior end. The de¬ 
velopment of the Helioddaris lar¬ 
vae is more rapid than that of 
Toxopneustes. The developmen¬ 
tal rate of the hybrid larvae was 
intermediate between these of the 




Fig. 10. Astriclypeus manni 
Fig. 11. Temnopleurus toreumaticus X 
Astriclypeus manni cT 
Fig. 12. Toxopneustes pileolus 
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parent species. Almost all of the hybrid larvae were strongly matroclinous, 
possessing the compound-basket structure and the united ventral transverse 
rods (v) (Fig. 13). 

8) Toxopnemtes pileolus x Heliocidaris crassispina 

The egg of Toxopneustes is transparent and larger than any of the eggs 
of the forms employed in this study. In this cross which is reciprocal of the 
above, a few eggs developed into highly abnormal plutei. 

9) Echinometra Mathaei x Heliocidaris crassispina ^ 

The egg of Echinometra is as small and opaque as that of Heliocidaris, 
The skeleton of the larva (Fig. 11) is of a compound-basket structure such as 






Fig. 13. IMtondarts cras^spina Toxopneustes pileolus ^ 
Fig. 14. Echinometra Mathaet 

Fig 15 Echtnnmstra Mathaet X Heliocidaris trassispina 

Fig. 16. Heliocidaris ciassispina ? x. Eihinomctra Mathaet ^ 

Fig. 17 Echinometra Mathaet x Toxopneustes pileolus 


that of the Heliocidaris larva, possessing double recurrent rods {r), united 
ventral transverse rods (v), and short body rods (b). The cross-fertilisation 
was as easy as the straight fertilhation. The hybrid larvae were strongly 
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matroclinous (Fig. 15), but some larvae were extremely abnormal in their 
skeletal structures. 

10) Hdwddans crassispina x Echinometra Mathaei c?' 

This cross, reciprocal of the above, yielded extremely abnormal hybrid 
larvae (Fig. 16) which soon died. This seems noteworthy as a contrast to 
the former cross. 

1 Ij Echinometra Mathaei x Toxopneustes pileolus 

A large amount of eggs were fertilized and developed. Almost all of the 
hybrid larvae were strongly matroclinous (Fig. 17). The development was so 
acceralated that pedicellariae (pe) were formed sooner than in the pure bred 
larvae; some larvae reached the metamorphosing stage, but others were ex¬ 
tremely abnormal and died earlier. It is rather remarkable that this inter- 



Fig 18 Strongylocentrotus puhhenimua 
Fig 19-21 Strongylocentrotm pulcherrtmus -f- 
A HelwttdariH ctassujnna ^ 

Fig 22 Pseudocenirotus depressu$\tk\yf9i retired 
under abnormally high tempeiature ca ZTC 
Fig 23 Pseudocentrotus depresses, normal larva 


familiar crossing was so successful. 

12) Toxopm'ustes pileolus x Echi¬ 
nometra Mathaei 

In this cross, reciprocal of the 
above, about 10% of the eggs de¬ 
veloped to the blastula stage. 

13) Strongylocentrotus pulchern mus 

X Helioctdans crassispina 

The egg of Strongylocentrotus is 
rather opaque. The skeleton of the 
larva is of a non-basket structure 
(Fig. 18) with simple postoral (p), 
separate, ventral, transverse (v), and 
short body rods (b), but without any 
recurrent rods. The body is trunca¬ 
ted sharply at the posterior end. The 
postoral rod (p) of the Hehocidaris 
larva is of the fenestrated type con¬ 
sisting of three longitudinal bars con¬ 
nected by many cross-bars, while that 
of the Strongylocentrotus larva is 
simple. This clear distinction makes 
the cross highly suitable for such a 
study. The cross-fertilization was so 
successful that many eggs developed 
to the pluteus stage. The postoral 
rod (p) of the hydnd larva, as seen 
in Figs. 19, 20, 21, is neither of the 
simple nor of the fenestrated type, 
but consists of three or four parallel 
rods. Such a feature of the hybrid 
has been regarded by certain previous 
authors as intermediate, and is con- 
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sidered to have developed under paternal influence. I am rather inclined to 
regard this as a pathological feature, fpr I have raised larvae (Fig. 22) of 
Pseudocentrotus depressus having the postoral rod (p) consisting of three, some¬ 
times four, parallel bars by keeping the developing eggs at 27“C, when the 
sea water temperature was 10‘’C. The normal larva (Fig. 23) of this species 
has a simple postoral rod (p). The postoral rods of these heated larvae showed 
no difference from those of the hybrid larva mentioned above. Furthermore, 
both the larvae have an extraordinarily large spicule on the body rod, which 
is evidently another pathological feature because such a spicule never appears 
in the normal larva. Thus, one must be on his guard in judging whether the 
skeletal type of the larva is paternal, maternal or intermediate. 

Even in the case where the parallel rods were less than three we could not 
have decided whether or not it was a hybrid feature, whereas if the rods are more 
than thrte it is clear that this feature is not the product of the hereditary influ¬ 
ence from the parents, for the rods in a normal larva is never more than three. 

It is clear then that the abnormal postoral rods appearing in the hybrid 
and heated larvae are both pathological products brought about, one by cross 
incompatibility, and the other by high temperature. 

Thus, the postoral rod in such cases is unsuitable for the decision of cha¬ 
racters, and some other stable structure must be chosen. The cytoplasm of 
the hybrid larvae stained dark green, like that of the paternal species. In 
the early stage the hybrid larvae were roughly matroclinous, but they showed 
a patroclinous character by having the recurrent rod (r). 

14) Heliocidaris crassispina x Strongylocentrotus puhherrimus 

In this cross, reciprocal of the former, a fairly large quantity of eggs 
developed, but their development stopped in the cleavage stage. 

15) Strongylocentrotus pulcherrimus x Toxopneustes pileolus ^ 

A pretty large amount of eggs developed in this hybridization, but the 
observation could not be continued as I was obliged to leave the laboratory 
for other duties. 

16) Echinometra Mathaei ^ x Parasalenia gratiosa ^ 

The eggs of Parasalenia are somewhat opaque and rather large. The 
larval skeleton is of a compound-basket structure, with double recurrent rods 
(r) and a disproportionately long postoral rod (p), except in the early stage 
(Fig. 24). The ventral transverse rods are connected with each other; the 
body rod has conspicuous spines at the posterior end. The body is truncated. 
Judging from the structure of the adult and from the larval skeleton, Parasa- 
lenia is no doubt akin to Echinometra, The cross between them, however, 
has yielded no satisfactory results in spite of repeated trials. This shows 
that systematic kinship does not always ensure the success of crossing. 

17) Parasalenia gratiosa x Echinometra Mathaei c?' 

No fertilization took place in the cross reciprocal of the above. 

18) Temnopleurus toreumaticus 4- ^ Parasalenia gratiosa ^ 

This is a distant cross between different families. Yet a lot of eggs de¬ 
veloped, contrary to expectations — a fact of some interest in contrast to the two 
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preceding cases. The hybrid larvae (Fig. 25) were almost purely matroclinous, 
Plough no chromosome elimination could be noticed in the first cleavage. The 
average diameter of the mesenchyme cell nuclei of the hybrid was 1.4 mm, 
while that of Temnopleurus was 1.3 mm, and that of Bzrasalenia 1.7 mm; the 
hybrids may be said to be matroclinous in this respect 

19) Parasalenia gratiosa x Temnopleurus toreumaticus d’’ 

In this cross which is reciprocal of the above, a few eggs developed, 
contrary to the former case. The hybrid larvae were roughly matroclinous 
(Fig. 26), but they displayed a patroclinous character in their simple recur¬ 
rent rods (r). 




Fig 24 Parcaalenta gratiosa 
Fig 2S Temnopleurus toreumaU’ 
cus 4 ^ Parasalenia gratwsa ^ 
Fig 26 Parasalenia gratiosa 4- X 
Temnopleurus toreumattfus c/’ 




Fig 27 Mespilw globulus ^ v Parasah nui gra 
tiosa cf 

Fig 28 lhadema setosum 

Fig 29 Mespilta globulusDiadema setosum 

Fig 30 Parasalenia gratiosa ^yToxopneustes 
ptleolus (/ 


20) Mespilia f^ohulus x Parasalenia gratwsa cT 

A small amount of the eggs developed; the hybrid larvae (Fig. 27) were 
generally matroclinous. 

21) Parasalenia gratiosa x Mesptlia ^obulus 

In this reciprocal cross of the former, no fertilization occurred. 

22) Mespilia ^obulus x Diadema setosum ^ 
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These species belong to different families. The skeleton of the Dmdema 
larva is of a simple basket structure, with a simple recurrent rod (r), united 
ventral transverse rods (v), fenestrated postoral rod (p), and short body rods 
(b) (Fig. 28). The body is truncated at the posterior end. 

A very few eggs developed from the cross, and these became matroclinous 
hybrid larvae (Fig. 29). 

23) Parasalenia gratiosa x Toxopneustes pileolus 

A very few eggs developed from this cross. The single larva observed 
showed patroclinous features, though it was defective in a part of the skeleton 
(Fig. 30). 


Discussion 

It is known that the sea-urchin eggs can develop without the entrance of 
the sperm if they are treated with butylic acid or other chemicals (artificial 
parthenogenesis). The development also may occur even in the case where 
the sperm remains in the egg cytoplasm without fusing with the egg nucleus 
(gynogenesis). In still other cases even an egg-fragment containing no nuclear 
substance can develop when penetrated by a sperm (merogony or androgenesis). 
These facts must be taken into consideration in the interpretation of the re¬ 
sults obtained in hybrizatlon experiments. Another point which should be 
particularly noted is that the hybrid characters appearing in the early stage 
of development may be mostly, if not entirely, under the influence of the 
maternal hereditary materials. Moreover, there must be characters that are 
fixed by the activity of a number of genes, dominant or recessive in various 
degrees. That the larval skeletal type is strongly affected by the environmental 
conditions, such as temperature and chemical composition of sea water, also 
should not be overlooked. Thus, it is often very difficult to find the right in¬ 
terpretation of a given feature of the hybrid larva. 

I) On the success or failure, difficulty or facility of hybridization 

The success or failure of a cross fertilization depends primarily on the 
systematic affinity of the parent species. This, however, is not always the case 
as was clearly demonstrated by some of the above experiments as well as by 
the works of Elsters (1935) and others. This seems to be due to the fact 
that in hybridization a cortical reaction, different from that in the straight 
fertilization, appears on the penetration of foreign sperm, as pointed out by 
P. Hertwig (1936). Thus, a combination of which the fertillization is com¬ 
monly regarded as impossible can often be made a feasible one merely by 
raising the concentration of the sperm (Lillie, 1921), by exposing the fresh 
eggs in normal sea water for some hours (O. and R. Hertwig, 1887), or by 
treating the eggs with some chemicals (Loeb, 1903-’4; Tennent, 1924). The 
success or failure of crossing therefore seems to depend more on the mecha¬ 
nical or chemical state of the germ cells concerned than on the genetical 
affinity of the parents. This assumption is supported by the fact that the 
results of the reciprocal crosses are often different: for instance the cross 
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Toxopneustes x Heliocidaris ^ or Eckimmetra gives only a very poor 
result, whereas the reciprocal cross yields a very fruitful result. This difference 
is probably to be attributed by the size of the Toxopneustes egg and sperm 
which are much larger than those of the other species. The small sperm of 
Helioridaris or Echinometra are therefore incapable of penetrating Toxopneustes^ 
large egg, while the latter’s large sperm can easily penetrate the small egg of 
the former species and activate its development. Newman (1923) also expres¬ 
sed a nearly identical opinion in the crossing of Strongylocentrotus purpuratus 
X Strongylocentrotus franciscanus. The same is apparently true of the fact 
that crossing is possible between Temnopleurus toreumaticus and Parasalenia 
gratiosa belonging to different families, whereas it is impossible between Echi¬ 
nometra Mathaei and Parasalenia gratiosa of the same family. 

II) Eliminatian of Chromosomes 

It is generally known that when the eggs of echinoids are fertilized by 
the sperm of another echinoid species or of a mollusc, annelid or crinoid 
fKupelwieser, 1906-’12; Godlewski, 1906; Baltzer, 1910; Tennent, 1912; 
Doncaster and Gray, 1913 ; von Ubisch, 1923; Matsui, 1921; P. Hertwig, 1936), 
the elimination of chromosomes often takes place. The eliminated chromoso¬ 
mes are considered to be mostly those from the sperm, but may be those 
from the egg. It is assumed, furthermore, that some particular chromosomes 
are more liable to be eliminated than others. The eliiiM’nation may occur in 
any stage, from the first cleavage to biastula. 

There is a great variety of opinion among previous authors as regards 
this phenomenon. According to Tennent (1912), there is a definite correlation 
between the eliminated chromosomes and the larval characters. But there is 
scarcely any experimental result supporting this vk‘w. When the sperm of a 
mollusc, annelid or a crinoid, is employed to fertilize an echinoid’s egg, elimi¬ 
nation of chromosomes usually occurs, and the larval characters invariably 
''present a strongly matroclinous tendency even when the development is normal. 
In such cases the eliminated chromosomes are paternal without doubt, and the 
development must be taken as gynogenesis. 

In the crosses among echinoids, on the other hand, the chromosome 
elimination does not necessarily occur even in the case of a distant cross, as 
shown in the above experiment with Temnopleurus x Astriclypeus, and also in 
von Ubisch’s (1923) experiment of crossing Echmocardium mih l^hinus. The 
reciprocal crosses often give different results in this respect, as shown in the 
author’s cross between Temnopleurus and Echinus^ as well as in Tennent’s 
(1912) cross between Toxopneustes and Hipponoe. Thus, the elimination of 
chromosomes does not seem to have any direct bearing on the abnormality of 
the hybrid larva. The elimination is probably no more than a sign of adjust¬ 
ment to the abnormal combination of nuclear substance and cytoplasm. The 
same adjustment might be accomplished simply by making the paternal nucleus 
inert, without eliminating it, as indicated by the above experiment on Temnch 
pleurus X Parasalenia and also by Godlewdci’s experiment (1906). At any rate, 
it is too much to consider the elimination to be the cause of the abnormality 
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of the hybrid larvae. 

Ill) Matroclinous vs. Patroclinous tendency of the hybrid 

In hybridization the paternal genes do not as a rule affect the larval 
characters that appear in the early stage of development. For instance the 
cleavage tempo, according to Moore (1933), is exactly like that of the mater¬ 
nal species. Some authors, however, do not agree with this view and hold 
that the tempo becomes slower than that of either parent species (Seeliger, 
1895; Fischcl, 1906; von IJbisch, 1923; Niimann, 1933), or that it becomes 
faster (Tennent, 1912). In my experiment on Helioddaris ^ x Toxopneustes 
the hybrid developed quicker than the larva of either species, the development 
rate of the Toxopneustes larva being the slowest. The retardation in the for¬ 
mer case was probably due to the pathological state of the hybrid, while the 
acceleration in the latter case was possibly a sign of heterosis. 

As for the size of blastomeres, the hybrid is said generally to approach 
that of the maternal species (Boveri, 1903-’4; Driesch, 1903; Fischel, 1906). 
The segmentation of the blastomeres, on the other hand, is considered to he 
affected by paternal genes (Fischel, 1906; von Ubisch, 1923). 1 have observed 
that the cytoplasm of the hybrid larvae obtained from the cross, Strongylocen- 
trotus and Helioddaris^ becomes conspicuously dark green, which is a paternal 
character. This case deserves special notice on account of the appearance 
of the paternal influence at a very early .stage. 

Next, the skeletal type of the hybrid larva usually becomes intermediate 
between, or a mixture of, the parental types. This is presumably due to the 
fact that the skeletal structure is determined by many genes. Among these 
there may be dominant, inromplely dominant and recessive genes, and these 
genes will be different according to species, local race and individual. Besides, 
the skeletal structure is rather strongly influenced by environmental factors 
(Loeb’s experiment). Under the influences of these genetical and environ¬ 
mental factors in various combinations, the skeletal type of each larva will be 
established. Thus, it is no wonder that experiments on the same material 
carried out on different occasions sometimes yield different results. In most 
cases, however, the hybrid larva strongly tends to resemble the maternal race 
rather than the paternal. This tendency is more apparent in distant crosses, 
evidently because such a cross often becomes essentially identical with par¬ 
thenogenesis or gynogenesis. Even in the cross between allied species the ten¬ 
dency to become matroclinous appears more frequently than the leaning toward 
the patroclinous. In such cases too, the development is probably essentially gyno- 
genetic or parthenogenetic. There must also be cases where the skeletal type 
is predetermined and impressed upon the cytoplasm mainly the maternal genes 
before fertilization. This view is supported by Driesch^s observation (1906) 
that the number of the primary mesenchyme cells the primordia of the 
skeleton— of the hybrid gastrula is identical with that of the mother species. 

Besides, there are some workers who believe that the tendency of the 
hybrid larva to become patroclinous or matroclinous is determined by the 
relative maturity of the germ cells (Vernon, 1899; Kohler, 1915-’16). Kohler 
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{1915} maintains that when over-mature eggs are fertilized by sperm of low 
maturity, more matroclinous larvae are obtained than in the case where the 
eggs of low maturity are fertilized by over-mature sperm. This is probably 
due to the fact that more genetic influences of the mother becomes impressed 
upon the cytoplasm with the maturity of the egg. The maturity of the sperm 
is probably not so important as that of the egg for the appearance of the 
characters in the hybrid larvae. This, however, should be confirmed by future 
experiments. 

Certain authors hold the view that the matroclinous tendency is increased 
in proportion to the degree in which the temperature is raised (Doncaster, 
1904; Herbst, 1906), although the experimental evidence is far from conclusive. 
If this is true, it is probably because the high temperature raises the metabolic 
activity of the egg, thus causing the maternal characters to become more 
strongly impressed upon the cytoplasm than otherwise. The same tendency 
seems to appear when the egg-nucleus is enlarged artificially (Hinderer, 1914; 
Landauer, 1922). By this means the activity of the genes in the egg-nucleus 
is apparently increased. 

As for the variability of results obtained by different workers, or even by 
the same worker on different occasions with the same material, it may be due 
to the influence of some environmental factor, such as temperature, or to the 
difference in the genetic constitutions of the material. The latter seems to be 
especially plausible, when the results of'the experiments carried out at diffe¬ 
rent localities differ. 

The patroclinous characters appearing in the hybrid are probably due to 
dominant genes in the sperm. But there seems to be cases in which the abnor¬ 
mality of the offspring happens to coincide with that of the character in the 
father. This possibility has been pointed out by Horstadius (1940) also. 

The other characters appearing after the larval skeleton, such as the 
posterior epaulets, posterior pedicellariae, and the green pigment formed in a 
later stage, are probably determined on the Mendelian basis (Debaisieux, 1912). 
These characters, however, are highly variable. For instance. Shearer, De 
Morgan and Fuchs (1912) obtained entirely different results in their experi¬ 
ments of crossing Echinus miliaris x Echinus esculentus , one of which was 
carried out in 1909-1911 and the other in 1912. In the earlier experiment 
the hybrid larva showed a matroclinous tendency in having the green pigment 
and no posterior ciliated epaulet, while in the later experiment the larva pre¬ 
sented a patroclinous tendency in having the posterior cilliated epaulet and no 
green pigment. Horstadius (1940) when worked on the same material, got a 
result different from either of the ones mentioned above; he obtained hybrid 
larvae having neither green pigtpent nor posterior epaulet. This is a good 
illustration of the great variability of the results in hybridization experiments. 
The larval characters, even those appearing in late stages presumably under 
genetic influence, may vary according to the material used in different years 
of according to environmental conditions. 
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IV) The affinity of the parents as a factor for the success of hybridization 

It is clear that there exists a limit in the compatibility of the egg-plasm 
and the foreign sperm. This is well established by the experiments of mero- 
gony which greatly depends on the affinity of the parent species; the develop¬ 
ment takes place only when the sperm is from a species allied to that of the 
egg piece (Horstadius, 1936). The compatibility among the chromosomes or 
genes of the parent species is another controlling factor. There are undoub¬ 
tedly cases where development stops at an early stage, owing to heteroploidy 
or other genetical unbalance. 

It is interesting that the result of the cross between parents whose larval 
skeletal types resemble each other is generally successful even if the skeletal 
types of the adults show’ a fairly large difference, as shown by the crosses 
between Temnopleurus and Mespilia, and that between Echinometra and Helio- 
cidaris. This is probably due to that, because of the resemblance of the 
reactive patterns of the larval development, the disturbance in the development 
of the skeleton of the hybrid larva is comparatively small. Thus, it is clear 
that the compatibility in this case mainly concerns the type of the larval 
skeleton. 

Summary 

(1) The echinoids employed in the present experiments represent ten 
species, nine genera, six families and two orders: namely, Temnopleurus toreu- 
maticus, Mespilia globulus, Strongylocentrotus pulcherrimus, Heliocidaris eras- 
sispina, Echinometra Mathaei, Parasalenia gratiosa, Diadema setosum, Toxo- 
pneustes pileolus, Pseudocentrotus depressus and Astriclypeus manni. Inter¬ 
specific, intergeneric and interordinal crosses were carried out. 

(2) The success or failure, and the difficulty or facility of the cross pri¬ 
marily depend on the systematic relationship of the materials. There are cases, 
however, where a distant cross is easier than the cross between related species. 
For instance, whereas the cross between Echinometra and Parasaletiiay belon¬ 
ging to the same family, is hardly possible, the cross between Temnopleurus 
and Parasalenia, belonging to different families, is very easy. This seems to 
show that hybridization is subject to a condition different from that in straight 
fertilization; the development in the former case is apparently initiated by 
purely mechanical or chemical stimulus. 

(3) The chromosome elimination frequently occurs in various stages from 
the first cleavage to the blastula; but there seems to be no. general rule as 
to whether the elimination should occur or not. Besides, elimination is not 
a necessary condition for the abnormality of the hybrid larva. It is apparently 
no more than a sign of adjustment to the incompatibility between the chro¬ 
mosomes, or to that between the chromosomes and the cytoplasm. The for¬ 
eign sperm chromosomes may become inert even when they are not eliminated. 

(4) The characters appearing in the early stage of the hybrid larva, for 
instance, the cleavage tempo and the size of blastomeres, are generally deter¬ 
mined by the genetic complex of the mother. Such characters as pigmenta- 
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tion, however, even though appearing in early stages are influenced by the 
sperm. 

(5) The effect of the sperm is stronger on the characters appearing later 
in development, for instance the skeletal type of the larva. This character is, 
however, apparently under the influence of a number of genes. Different 
species or local races, and even different individuals, may have different com¬ 
plexes with respect to these genes. Furthermore, their phenotypic effects will 
vary considerably under the influence of environmental factors. All these 
account for the striking variability of the results obtained on different occasions 
or by different workers, even if the same species were used as the material. 

(6) Roughly speaking, however, the skeletal type of the hybrid is usually 
matroclinous. This seems to be due to the fact that the skeletal type is 
largely laid out before fertilization under the influence of the maternal genes. 

(7) As regards the observations that the maturity of germ cells and the 
temperature of sea water are important factors for determining the larval 
characters, they are probably due to the fact, that if the period before fertili¬ 
zation is long, the egg gets more influence from the maternal genetic complex, 
and this influence is probably stronger under high temperature. 

(8) The “ patroclinous ” characters may be due to mere coincidence re¬ 
sulting from pathological development caused by abnormal chromosome combi¬ 
nations, or by external factors. For instance, there are cases where the skeletal 
type of the hybrid larva happens to resemble the paternal type by becoming 
an abnormally complicated or simplified structure; and such abnormalities may 
appear either by the effect of high temperature, or by hybridization. 

(9) The characters which make their appearance in a still later stage of 
development, such as epaulet, pedicellaria and pigment, are, as a rule, deter¬ 
mined according to the Mendelian law of inheritance, namely, by the interac¬ 
tion of both the maternal and paternal genes. But there are apparently cases 
where they are determined by the egg genes in an early stage. This accounts 
for the discrepancy found among the experimental results obtained by previous 
workers. 

(10) The success or failure of hybridization experiments depends largely 
on the systematic affinity of the parents. But it is noteworthy that the cross 
between parents, even of very remote kinship, may be successful if the larval 
skeletal types are alike. This is probably because the development greatly 
depends on the reaction pattern of the developing larva. 
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Rhabdiasidae Railliet, 1915 

1. Strongyloides papilloms (Wedl, 1856) Ransom, 1911 

Text-figs. 1-3 

Habitat. Small intestine of Ovis aries 

The present material comprising 10 parasitic forms shows some differences 
in measurements from Hall’s. 
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HaU 

Present author 

Body 

3.5 6.0x0.05-0.06 

4.2-6.0x0.05-0.07 

Esophagus 

0.65-0.8 

0,82-0.97 

Tail 

55-70p 

50-70tx 

Vulva from tail end 

1.6 2.0 

1.5 2.5 

Eggs 

40-60 x 20-25(1 

48 60 x 22-23 p 


Litlraturf 

Hall, M. K. Nematode parasites of mammals of the orders Rodentia, Lagomorpha, and Hyracoi* 
dea Proc. U. S. Nat. Mus., 50, 1916, 6 7. 





Figs. 1-3. Parasitic form of Strongyloides papillosus (Wedl, 1856). 
Fig, 1. Anterior extremity, lateral view. 

Fig, 2. Vulvar region, lateral view. 

Fig. 3. Posterior extremity, lateral view. 
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Trichukidae Railliet, 1915 
2. Trichuris ovis (Abiidg., 1795) Smith, 1908 

Text-fig. 4. 


Habitat. Ceca of Ovis aries 

Male. Body 63x0.65 mm. Bacillary band originating at about level of 
nerve ring, 130/^ wide at posterior part of esophagus, Vesicular swellings of 
cuticle in two longitudinal rows, extending for a distance of 1.75 mm from 
0.5 mm behind head end. Anterior portion of esophagus 0.83 mm long, post¬ 
erior portion 41mm long, entire length about twice the length of intestinal 
region. Para-esophageal cells about 210 im number. Testis commencing at a 
point 2.8 mm from tail end, 
turning backward 0.15 mm 
behind posterior end of eso¬ 
phagus ; vesicula seminalis 
about 8 mm long by 0.4 mm 
wide, joining ductus ejacula- 
torius by a narrow duct 
about 0.3 mm long. Ductus 
ejaculatorius 7.7 mm long 
provided with a very thick 
wall of circular and longi¬ 
tudinal muscle fibers. Spicule 
6.65 mm long, about O.l mm 
in diameter at its basal 
swelling, finely striated trans¬ 
versely throughout its length, 
terminating in a sharp point. 

Spicular sheath 1.5 mm long, 
telescoped at its distal end, 
covered all over with minute spines which are 8^ long at the proximal end 
and gradually diminish in size toward the distal end. Cloacal aperture ven- 
troterminal. 

Female. Body 50-70 x 0.8-0.9mm. Ratio of two body regions varying from 
2.8:1 to 3.5:1. Ovary originating at posterior end of body, turning back on 
itself 0.75-1,0mm behind vulva; vagina winding, strongly muscular, 2.2-3.5mm 
long lineally. Vulva a little behind junction of esophagus with intestine, 
covered with sharp spines up to 10/^ long. Anus at blunt-pointed posterior 
extremity. Eggs 60-81/^ long including the polar plugs, 31-34// broad. 

The present material agrees well with Hall’s description. 

LmiRATtJRE 

Hall, M. C. Nematode paraaites of mammals of the Orders Rodentia, Lagomorpha and Hyracoi- 
dea. Proc. U. S. Nat. Mus., 50, 1916, 28-30. 



0*& mm 

Fig. 4. Posterior extemity of male of Trichuris twis 
(.Abiidg., 1795), lateral view. 
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3. CapUlaria suis n. sp. 

Text-fig. 5. 

Habitat. Stomach of Stis leucomystax leucomystax Temminck. 

Localities. Yamaguti and Wakayama Prefectures. 

M m.p- Body 13-14.5 x 0.06-0.075 mm. Bacillary band extending from 
behind nerve ring to posterior extremity, up to 20 broad at posterior part, its 
elemen ts arranged in a single row anteriorly. Nerve ring 70-80/i from head 
Old. Anterior portion of esophagus 0.42-0.63 mm long, posterior portion 

4.8-5.5 mm long, entire length 5.4-5.7 mm. Ratio 
of esophageal to intestinal portion 1:1.3-1.6. 
Para-esophageal cells 38-48 in number. Spicule 
0.78-0.85 mm long, 9/< broad at anterior end. 
Spicuiar sheath 14wide, about 0.2 mm long 
when everted, finely wrinkled transversely. Cau¬ 
dal bursa delicate, membranous, projecting 15-18/^ 
further back of caudal end of pulp, supported 
ventrally by an inner pair of slender digitiform 
processes and on outer pair of hammer-shaped 
processes, of the pulp. 

Female. Body 19-22 x 0.08-0.09 mm. Bacil¬ 
lary band similar in anteroposterior extent to 
that of male, up to 30broad. Nerve ring 
75-90 from head end. Anterior portion of 
e-sophagus 0.54-0.62 mm long, posterior portion 
5.2-5.9mm long, total length 5.8-6.5mm. Num¬ 
ber of para-esophageal cells within the range 
given above for the male. Ratio of two body regions 1:2.2-2.5. Vulva 0.12- 
0.15 mm behind esophagus, 5.9-6.6mm from anterior extremity, without ap¬ 
pendages. Posterior extremity rather rounded, with terminal anus. Eggs 
57-72/< in length including polar prolongations, 24-30in breadth, without 
sculpturings on surface. 

The differences between the present species and the most closely related 
C. splemcea (Duj., 1843) Travassos, 1915, are shown in the following table. 



C Splenacea 

C. suis 

Body length 

11-13 
+ 24-37 

t 13-14.5 
-¥■ 19-22 

Length of esophagus 

5.0 

t SA-S.7 

4* 5.8-6.5 

Length of spicule 

0.88 

0.78-0.85 

Vulva from head end 

5.6 

5.9-C.6 

Anus 

subterminal 

terminal 


It is to be regretted that the number of the para-esofdiageal cdts has 



Fig, 5. Posterior extremity 
of male of Capillaria suis 
n. sp., lateral view. 
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not been counted for any of the described 
mammalian species except C. aerophila, 
although it constitutes one of the most 
important specific characters. 

Literatitke 

Teixeira de Freitas, J. F. and Herman Lent, Estudo 
sobre os Capillariinae parasites de mammi- 
feros (Nematoda: Trichuroidea). Men. Inst. 
Osw. Cruz, 31(1), 1936, 85-160. 

Strongyudae Baird, 1853 

4. Triodontophorus brevicattda 
Boulenger, 1916 
Text-fig. 6; PI. XLVII, Figs. 1-3. 

Habitat. Colon of Korean pony. 

Locality, Quelpart Island (Saisyu-to), 
Korea. 

The following measurements being 
from contracted examples are somewhat 
different from those given by the original 
author. 

Male, Body 10.8-13.1 x 0.75-0.9 mm. 
Mouth collar 0.2-0.22 mm in diameter, 
with erect margin. Leaf-crown elements 
setiform 60-69 in number, projecting very 
little beyond submedian papillae. Buccal 
capsule 0.16-0.2 X 0.2-0.23 mm, with 6 pe- 
taloid marginal thickenings, each of which 
is so deeply incised at the middle that it 
appears distinctly 2-lobed. Buccal tooth 
with 3 simple points, and not denticulated. 
Nerve ring, excretory pore and cervical 
papillae removed anteriorly (0.28-0.35 mm, 
0.4-0.45 mm and 0.45-0,6 mm respectively 
from anterior extremity) owing to contrac¬ 
tion of the body. Esophagus 1.05-1.2 x 
0.2-0.21 mm, Bursa finely striated longi¬ 
tudinally, fringed with minute spiniform 
projections; dorsal lobe elongated, marked 
off from lateral lobes, two stems of dorsal 
ray nearly parallel to each other, each 
with two outer branches proximally. 



D 


Fig. 6. Posterior extremity o£ male 
of Triodontophorus brevicauda 
Boulenger, 1916, ventral view. 


Length of dorsal ray {from its tip to origin of extemodorsai ray) 0.7-0.8mro. 
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Genital cone prominent. Spicules slender, about 1.7 mm long, barbed at their 
fused tip. Gubernaculum approximately pistobshaped, 0.4-0.45 mm long, with 
very large handle, whose greatest diameter is 0.175-0.2 mm. 

Female. Body 12-13.5x0.8-1.1 mm. Mouth collar with erect margin, 
0.21-0.24 mm in diameter. Leaf-crown consisting of 63-70 elements, Buccal 
capsule 0.2-0.23 x 0.22-0.25 mm. Esophagus 1.15-1.25 x 0.22-0.25 mm. Tail 
rudimentary, only 70-80/^ long. Vulva 0.17-0.23 mm in front of anus, 0,25- 
0.33 from tail end. Eggs elliptical, thin-shelled, not yet fully embryonated 
when deposited, 90-105x42-57/^. 

5. Triodontophorus senratus Looss, 1900 
Text figs. 7 8; PI. XLVII, Figs 4 6 

Habitat. Caecum of Equm caballus orientalis. 

Locality. Kodaira near Tokyo. 

The following account is based on two mature males and six gravid 
females fixed in formalin in somewhat contracted state. 

Male. Body 11.8-13.1 x 0.7-0.83 mm. Mouth collar 0.16mm in diameter. 
Leaf-crown consisting of 55 elements. Buccal capsule 0.09-0.12 x 0.15 -0.16mm, 

with dors»al gutter opening 
at its anterior margin, cap¬ 
sule teeth denticulated along 
anterior margin doss to ou¬ 
ter tips. Esophagus 1.1-1,13 
X 0.18-0.23mm. The nerve 
ring, excretory pore and 
cervical papillae are unusu¬ 
ally anterior owing to con¬ 
traction of the body. Spi¬ 
cules comparatively thick, 
3.05-3.3 mm long, each with 
a transversely striated ala 
about 20 p wide along ven¬ 
tral n^rgin and strongly 
recurved at tip, provided 
dorsoterminally with a stout 
barb as described and figu¬ 
red by Boulenger. Guber¬ 
naculum 0,32-0.35 mm long. 
Bursa rather campanuiate; 
dorsal ray (from tip to origin 
of externodorsal ray) 0.38 mm long, each stem with two outer branches. 
Dermal vesicle covering genital cone ventrally. 

Female. Body 11.5-18.75 x 0.8-1.05 mm. Mouth collar 0.16-0.188 mm in 
diameter. Leaf-crown containing 47-52 elements. Buccal capsule 0.11-0.13 x 
0.15-0.18 mm. Esophagus 0.95-1.3 x 0.2-0.26 mm. Nerve ring, excretory pore 


DG 



Fig. 7. Head end of female of Trwdontophorus 
serratus Looss, 1900, end-on view. 
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and cervical papillae 0.4- 
0.5 mm, 0,6-0.65 mm and 
0.7-0.8 mm respectively 
from anterior extremity. 
Tail 0.3-0.33 mm long, 
vulva 1.0-1.45 mm in front 
of anus, 1.3-1.8 mm from 
tail end. Vagina sigmoid, 
unpaired and paired ovi- 
jectors well developed. 
Eggs elliptical, thin-shel- 
led, 81-105x45-51//, 
contained ovum in morula 
stage when deposited. 

The present material 
agrees well with the de¬ 
scription of TriodonUrpho 
rus intermidius by Bou- 
lenger. As pointed out 
by Theiler it is certain 
that T. intermedius Sweet 
is identical with T, ser- 
ratus Looss. 

Litbbature 

Boulenger, Ch. L. Sclerostome 
parasites of the horse in 
England. I. 'ITie genera 
Triodontophorus and Oe- 
sophagodontus. Parasit., 
8, 1916, 420. 

6. Triodontophorus 
nipponicus n. sp. 

Text-figs. 9-11; 

PL XLVII, Figs. 7-10. 

Habitat. Colon of 
Equus caballus orientalis 
and E. parvus 

Localities. Sapporo 
and Quelpart Island (Sai- 
syu-to), Korea. 

Female. 11-15x 0.7 
-0.85 mm, broadest in 



Fig. 8. Posterior extremity of male Triodontophorus 
serratus Looss, 1900, lateral view. 
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middle region. Cuticle transversely striated throuidiout. Mouth collar low, 
somewhat depressed at its margin, where it is 0.18-0.2 mm m diameter. An¬ 
terior ends of lateral amphids on a level with bases of spiniform tips of sub¬ 
median papillae. Each leaf-crown containing 59-64, setiform elements. Buccal 
capsule subglobular, 0.16-0.18 mm long by 0.17-0.2 mm broad, with 6 (one 
dorsal, one ventral, four sublateral) petaloid thickenings on outer surface along 
Its anterior marginal portion, dorsal gutter reaching to anterioi margin of 

A LC 



Fig 9 11 Tnodontophoru^ mpponum o sp 
Fig 9 Antenor extremity of female, sub\entral view 
Fig 10 Posterior extremity of male, lateral view 
Fig. 11 Part of bursa copulatrix showing dorsal ra>, ventral view 

buccal capsule. Each of the three buccal teeth has three projections, of which 
the two paired outer have each a few large and small accessory teeth, but 
the unpaired inner is simple and smaller. Esophagus 0.9-1.5 mm long, with 
a small anterior and a claviform posterior swelling, latter up to 0.2-0.24 mpi 
in diameter. Nerve ring, excretory pore and cervical papillae 0.6-0.65 mm, 
0.66-0.71 mm and 0.65-0.71 mm respectively from antenor extremity in well 
extended examples 14^15 mm long. Tail conical, 0.13-0.23 mm long. Vulva 
0.47-0.65 mm m front of anus, 0.6-0.85 mm from posterior extremity. Vagina 
short, spffally twisted. Eggs elliptical, 78-105 x 45-57/i. 

The following measurements of the male were made on seven contracted 
specimens from the Korean pony, and some of them are subject to later 
emendation. 

Maub. Body 8.1-10.6 x 0.5-0.85 mm. Mouth collar flattened, 0.1&-0.19 mm 
in diamel^. The distance between the anterior extremity and the nerve ring, 
excretory pore or cervical papillae is not given because of their unusually 
anterior position due to contraction. Leaf-crown elements 57-65 in numbtf. 
Buccal capsule 0.15-0.18 x 0.17-0.2 mm. Esophagus 0.8-1.0x0.16-0.23 mot. 
Bursa finely striated longitudmally, consisting of symmetrical lateral lobes and 
a fairly long dorsal lobe, fringed with minute spiniform projection; ventral ray 
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cleft to base, mediolateral and posterolateral rays with common base, both 
stouter than externolateral, externodorsal ray extending into lateral lobe, cur¬ 
ved backward distally, dorsal ray 0.5-0.65 mm from its tip to origin of exter¬ 
nodorsal ray, somewhat constricted immediately before bifurcating, two stems 
diverging only slightly and terminating near tip of dorsal lobe m a simple 
point, occasionally in two digitations, each giving off two outer branches of 
unequal length near its base. Genital cone without spines or anything alike. 
Spicules filiform, 0.85-0.91 mm long, with 3 (one ventral and two dorsal) barbs 
at their fused tip. Gubernaculum pistol-shaped, 0.2 0.3 mm long, with a con¬ 
spicuous transverse incision on ventral side just distal to its middle. 

This species differs from the most closely related T. minor (Looss, 1900) 
Looss, 1902, and T. tenuicallis Boulenger, 1916, in the number of the leaf- 
crown elements and in the length of the spicules. In T. brevicatida Boulenger, 
1916, the leaf-crown contains 60 70 elements, but the tail is extremely short, 
the buccal teeth are not denticulated, and the spicules are longer. 


Literati R^ 

Kayhs, H. A The fauna of British India, including 
Ceylon and Burma. Nematoda, Vol 1, 1936, 
253 254 

Boulengei, C L Stleroslome parasites of the horse 
in England Parasit, 8{ t), 1916, 420-43S 
Cram, E B A new nematode, Cyhndrnpharynx 
mnata^ from the zebra, with keys to related 
nematode parasites of the £(|uidae Jour 
Agile Res 27. 1924, 661 672. 

7. Trichomma subcoronatum n. sp. 
Text-fig. 12, PI XVIII, Figs 11 12. 

Habitat, (''olon of Equus caballus 
orientalis and Korean pony. 

Localities. Sapporo and Quelpart 
Island (Saisyu-to), Korea. 

Male. Body 7.0-8.5 x 0.32 0.35 mm, 
finely cross-striated except on head and 
bursa. Mouth collar low, 0.095-0.14 mm 
in diameter, marked off by distinct con¬ 
striction. Head 0.11-0.17 mm in diameter, 
without appreciable neck constriction be¬ 
hind. Nerve ring 0.22-0.31, cervical pa¬ 
pillae -^0.36 mm, from anterior extremity- 
External leaf-crown containing 22 pointed 
elements projecting as far forward as join¬ 
ted submedian papillae or a little more. 
Internal leaferown consisting of 74 seti- 
form dements, arising on inner face of 



Fig. 12. Antenor extremity of female 
of Trtchonema subcoronatum n sp., 
lateral view. 
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buccal capsule from its anterior end, beyond which it reaches about half 

its length. Buccal capsule 33-42/^ in length, 66~105yc^ in maximum outside 
diameter at slightly widened anterior part, where the wall thins down abruptly 
toward the anterior margin but attains a maximum thickness of 6-10/^ at the 
junction with the cylindrical posterior part. Esophageal funnel with one dorsal 
and two subventral longitudinal cuticular ridges. Esophagus 0.4-0.63 mm long, 
slightly narrowed in region of nerve ring, with maximum breadth of 0.11- 
0.16 mm at posterior swelling. Testis winding anteriorly. Bursa finely striat¬ 
ed longitudinally, indistinctly divided into short wide lateral lobes and promi¬ 
nent dorsal lobe; ventral rays cleft to base, mediolateral and posterolateral 
rays swollen at their greater proximal portion, parallel to each other; exter- 
nodorsal ray curved dorsally at a wide angle about its middle; dorsal ray 
0.55-0.7 mm long from its tip to origin of externodorsal ray, with two outer 
branches. Genital cone with a transverse row of over 10 spiniform processes 
10-15/^ long on a supporting bar, which lies at the posterior end of the dorsal 
wall of the cone, with the outer ends turned foi wards. Spicules filiform, 
equal, 0,95-1.4 mm long, with barbs as in other members of the genus, Gu- 
bernaculum pistol-shaped, 0.19-0.21 mm long, with a ventral incision at about 
its middle. 

Female. Body 8.4-9.4x0.32 0.43 mm. Mouth collar 0.098-0.11 mm in 
diameter, Head not very distinctly marked off by constriction. Nerve ring 
and cervical papillae 0,27-0.29 mm and 0.38-0.44 mm respectively fiom anterior 
extremity. Buccal capsule 42 x 74-78somewhat wideded anteriorly but 
cylindrical posteriorly, its wall 8// thick at level of insertion of internal leaf- 
crown. External leaves 22, internal 78 80 in number. Esophagus 0.46-0.5 x 
0.12-0.14mm. Tail 0.12 0.17 mm long, pointed. Vulva 0.075 0.1 mm in front 
of anus. Eggs elliptical, 84-100 x 15-50 /a 

This species differs from the most closely related Trichonema coromtum 
(Looss, 1900) in the width of the buccal capsule, and probably in the number 
of elements of the internal leaf-crown, which has not been given for Looss’ 
species by any of the previous authors. In T. coronatum the buccal capsule 
is longer than broad, but in the present species it is about twice as broad as 
long. 


Ancylostomatidae (Looss, 1905) 

8. Uncinaria htenocephala (Railliet, 1884) Raill., 1885 
Text-figs. 13-16 

Habitat. Small intestine of Vtdpes wipes japonicus Gray. 

Locality. Sapporo. 

Material. 9 males and 13 females. 

Male. Body 6.3-8.0x0.2-0.25 mm. Head curved dorsally with mouth 
directed anterodorsally. Buccal capsule 126-150long along its ventral eur- 
face, 87-96in maximum dorsoventral diameter. The structure of the buccal 
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capsule is shown in fig. 13. Nerve ring, excretory pore and cervical 
papillae situated 0.4-0.475 mm, 0.42-0.49 mm and 0.42-0.5 mm respectively from 
anterior extremity. Esophagus 0.71-0.775 x 0.1-0.125 mm, with 3-lobed appen¬ 
dix projecting into intestine. Bursa 0.28-0.34 mm in transverse diameter, 
divided into a small dorsal lobe and larger inwardly rolIed-up lateral lobes; 
ventral ray cleft for about half its length, mediolateral ray fused with exter- 
nolateral ray more distally than with posterolateral ray; externodorsal ray 
slightly arcuate, extending into lateral lobe; dorsal ray 0.08-0.125mm long 
from its tip to point of origin of externodorsal ray, bifurcated at about middle, 
each branch terminating in three slender digitiform processes, of which the 
outer one is the longest. Large prebursal bulla present. Prebursal papillae 
subventral, 0.31-0.35 mm from posterior end of bursa. Spicules equal, very 
narrow, fused at pointed distal end, 0.69-0.78 mm long; gubernaculum attenuat¬ 
ed proximally, 90-110/i long, 15-20/^ broad distally. 



'i- 


Figs. 13-16. Uncinaria stenocephcUa (Raill., 1884) Raiil., 1885. 

Fig. 13. Anterior extremity of female, lateral view. 

Fig. 14. Posterior extremity of male, lateral view. 

Fig. 15. Dorsal ray of bursa copulatrix, ventral view. 

Fig. 16. Posterior extremity, of female, lateral view. 

F rmat.b. ■ Body 7.8-9.6x0.22-0.3 mm. Buccal capsule 159-180;/ long 
'4|long ventral margin,. 114-120/u in maximum outside diameter, which is 
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somewhat greater laterally than dorsoventrally. Nerve ring, excretory pore and 
cervical papillae 0.46-0.58 mm, 0.48-0.59 mm and 0.45-0.59 mm respectively 
from anterior extremity. Esophagus 0.72-0.9 x 0.12-0.15mm. Tail 0.13-0.21 mm 
long, tapering to a blunt point tipped with a bristle 10-25/^ long with a pair 
of inconspicuous lateral papillae 24-45/i from its blunt-pointed end. Vulva 
more or less prominent, dividing body length in ratio of 1.6-1.9:1. Eggs 
dlliptical, thin-shelled, 75-90 x 39-51 ; contained ovum segmented. 

It is to be noted that the nerve ring, excretory pore and cervical papillae 
vary more or less in their relative positions in different specimens as pointed 
out by Ransom. 


Litlraturi? 

Cameron, T. W. M. Dochmotdes a new genus for the hookworm Unctnana*' stenoiephala 
Railhet. Jour Helm., 2(1), 1924. 46-50. 

FOleborn, F. Bemerkungen fiber die Identitikation von „HakenwdrmernArch Schiffs-u Tropen- 
hyg. 28. 1924, 12 15 

Kansom, B. H. Hookworms of the genus Uncmana of the dog, fox and badger Proc. IJ S Nat. 
Mus, Vol. 65, Art. 20, 1924, 3-4. 


9. Bunostomum trigonocephalum (Rud., 1808) 

Text-figs. 17-18 


Habitat. Small intestine of Ovis aries 

As shown in the following table the present material (6 males and 4 
females) agrees well with Baylis’ from India. 



Oameron 

(1923) 

baylis 

(1936) 

Present authoi 

Body length 

f 14.5-15.5(16.5) 
4 22 24(26) 

11 17 

14-26 

12.3 15.6 

16 22 

T.«ngth of buccal 
capsule 

— 

0.17 0.225 

t 0.2 

4 * 0.225 0.26 

Dorsoventrai diameter 
of buccal capsule 

— 

0.15 ^). 175 

i 0.16-0.165 
^ 0.^0.:^_ 

0.55-0.75 

Nerve ring from head 
end 

— 

0.6 

Cervical papillae from 
head end 

- 

0.6-0.75 

0.6-0.7 

Excretory pore from 
head end 

- 

0.6-0.75 

0.7-4).87 

Length of esophagus 

1.3 

0.8-1.45 

1.0 1.4 

Spicules 

0.65 

0.6-0.75 

0.65-0.7 

Tail of female 

— 

0.25-0.4 

0.3-0.35 

Vulva from head end 

— 

5.5-8.0 

6.3-8.0 

Eggs 

— 

75-85 x 38-50 p 

78^x42-54 


The transversely striated membrane which Cameron regards as a spieuiar 
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Fir 17 Anterior extremity of 
female of Bunostomum irv- 
gonocephalum, lateral view. 


sheath, is nothing but a spicular ala and 
extends spirally, giving the gently un¬ 
dulating spicule a twisted appearance. 

LiTFRATURt 

Baylis, H. A. Nematoda I. (Fauna of British India), 
1926, aSl-335. 

Cameron, T. W. M. The anatomy of Motiodontus 
trtgoruH ephalut (Hud.) of sheep. Jour. Holm. 
Vol 1, 1923, 99-117 



Fig. 18 Posterior extremity of male of 
Bunostomum trtgonotephalum, dorsola 
teral view 


OxYURiDAE G>bbold, 1864 
10. Oxyuris equi (Schrank, 1788) Blanch., 1849 

Text-figs. 1^-21, 


Habitat* Large intestine of Equus caballus tmentalis. 

Locality. Kyoto abattoir. 

Female. Body 28-100 x 1.4-3.5 mm, gradually tapering posteriorly and 
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terminating in a whip-like tail. Cuticular striations lacking on head and greati^r 
posterior part of tail, simple at commencement and termination but else^h^re 
each is split up into three. On each side of the head end there are two 
rosettes of half-chitinous rodlets separated one from the other by the lateral 
line which terminates in an amphid on the lateral margin of the mouth aper¬ 
ture. This rosette is designated by Yorke and Maplestone as “head papilla”, 
but whether it is a true sensoiy organ or not I cannot state with certainty. 

Vestibule hexagonal in end-on view, 



Fig. 19 Anterior extremity of female of 
Oxyurts ef/uiCSchrank, dorsal view. 

’^Structure of unknown nature!: 


0.11 0.15 mm in diameter, provided 
at its entrance with six lips, each of 
which is reinforced by half-chitinous 
network in relief, and posteriorly with 
six membranous ledges; buccal cap¬ 
sule 0.18 0.23 mm in diameter, forti¬ 
fied at its entrance with three (one 
ventral and two subdorsal) coat-han- 
ger-like chitinous bars, but immedia¬ 
tely behind these the lumen becomes 
triradiate and has a thin chitinous 
wall, from which three (one dorsal 
and two subvo itral) club-shaped pro¬ 
cesses (esophageal teeth of Yorke and 
Maplestone) project inwards and then 
curve forwards and reach to th< en¬ 
trance of the capsule, each bearing 
on the medial side a wavy transverse 
row of 15 16 short digitiform teeth. 
The triangular base of the buccal 
capsule is fringed except at the cor¬ 
ners with a row of simple or branched 
bristles, about 20 for each base. The 
bristles are the longest at the middle 
of the base just behind the base of 
the club-shaped dentigerous process 
mentioned above and become shorter 
toward the corners. The esophagus 
with a comparatively wide triradiate 
lumen throughout is 2.1 ~3.5 mm long, 
0.32-0.75 mm wide at its anlerioi; 


double swdfimg, 0.25 0.45 mm wide at the narrowest part and 0.47-0.85 mm 


in maximum diameter at the posterior bulb. On the inner surface it has 
three pairs of longitudinal, bank-like fields of exceedingly small, file-like spines, 
and three pairs of longitudinal rows of several arcuate chitinous ribs, with the 
concave sides opposite each other; the fellows of the same pair of these 
structures are continuous at the commencement. The spiny fields become 
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gradually indistinct posteriorly and disappear at the posterior end of the an¬ 
terior double swelling of the esophagus, whereas the ribs are confined to the 
anterior half of this double swelling. At the anterior end of the narrow 
portion of the esophagus, however, three pairs of longitudinal rows of several, 
almost lineally stretched ribs appear again and extend backward for a distance 
of 0.5~0.7 mm. In place of these longitudinal ribs three plaques of fine, very 
closely set, transversely arcuate ribs, about 40 nbs for each plague, are seen 
at the center of the esophageal bulb, though few of the ribs at the posterior 
end of the plaque are longitudinal, llie posterior end of the esophagus pro¬ 
jects slightly into the intestine in the form of three rounded lobes. The 
intestine is dorsal for the most part but proceeds ventrally as it approaches 
the rectum. It is sometimes distended with the ingesta of the host, which 
gives it d dark brownish grey or even blackish appearance. Rectum lined 
with thick cuticle, 0.63 2.0mm long. Tail whip-liko, very variable (3.4 3.5 mm) 
m length according to age of individuals. 



Figs 20 21 Anterior extremity of female of Oxyurts equt (Srhrank, 1788) 
Fir 20. End-on view Fig 21 Transverse section through buccal capsule. 


Each filiform ovaiy, originating in the anal region or thereabout, proceeds 
forward along with the descending uterus, into which it continues near the 
vulva by means of a much narrower germiduct forming two or three longi¬ 
tudinal loops. The anterior portion of the descending uterus may function 
as receptaculum seminis, but in view of the contents, it is certain that this 
descending duct is a part of the uterus, hence I propose to call it “descen¬ 
ding uterus”. The two descending uteri extend into the tail and unite with 
each other to form a short common duct. This in turn soon joins the ascen¬ 
ding uterus a short distance in front of the posterior end of the latter which 
lies 0.8-5.0mm from the posterior extremity of the body. The ascending 
uterus, provided with circular muscle, may be strongly distended with eggs 



442 


S. YAlMAGim 


as reservoir for them, especially at its distal portion. It turns ventrad near 
the vulva and continues into a short vagina provided with strong longitudinal 
and circular muscles. Vulva 7.8-10.5 mm from head end. Uterine eggs sym¬ 
metrically or slightly asymmetrically elliptical, with distinct polar plug, 84-96 x 
40-45/«; egg shell about 4/^ thick; contained ovum not yet segmented. 
There is a long tubular excretory vesicle on the ventral side in front of the 
vulva; it narrows somewhat at about the middle, where it opens to the outside, 
so that it may be divided into two unequal club-shaped portions with the swol¬ 
len ends directed oppositely. 

Male. Body 8.85 -11 xO.6-0.9 mm, cross-striated throughout at maximum 
interval of about 30/^. Excretory pore 2.6-*3.0mm from anterior extremity. 
Esophagus 1.35-1.5 mm long, 0.26-0.31 mm broad at anterior double swelling, 
0.32-0.imm broad at posterior bulb. Spicules slender, 0.17-0.23 mm long. 
Two pairs of alate caudal papillae, one vcntrally and the other dorsally as 
illustrated by Morke and Maplestone. 

11. Syphada montana n. sp. 

Text-figs. 22-23; PI. XLVTIL Figs. 14 15. 

Habitat. Ceca of Clethrionomys smithii (type host) and Microius mordebeUi, 

Locality and date. Miure. Kiso; May 2, 1912. 

Male. Body 1 .8-2.0 mm in length, with maximum breadth of 0.15 mm in 
region of middle mamelon, whence it tapers gradually toward both extremities. 
Posterior half of body rolled up vcntrally, with the tail process directed toward 
the first mamelon. Cuticle cross-striated throughout, swollen from behind lips 
to region of nerve ring, where it is 80-85// in dorsoventral diameter. In the 
esophageal region the cuticle shows a number of longitudinal striations. Nerve 
ring and excretory pore 0.13 0.14 mm and 0.41-0.45 mm respectively from 
head end. Each lip with a small papilla on outer surface of its anterior 
end and a similar one on each side of its base. Mouth leading directly into 
small conical pharyngeal portion; esophagus proper cylindrical, armed with a 
longitudinal row of about 30 conical teeth on each of three internal surfaces 
at its anterior half but smooth elsewhere; posterior bulb 80-84 x 72-75 //, 
with 3-Iobed appendix projecting into intestinal lumen. Entire length of eso¬ 
phagus (including i)haryngeal portion and posterior bulb) 0.27 mm, about one 
seventh of body length. There are three transversely striated mamelons about 
0.12 mm long at interval of 0.075-0,15 mm and 0.15 mm respectively, the an¬ 
terior end of the first being 0,16 mm behind the excretory pore, and the pos¬ 
terior end of the third 0.3 mm in front of the cloacal aperture. Testis turn¬ 
ing backwards at level of first mamelon or immediately behind it. Tail 0.17 mm 
long, with a posterolaterally directed nodular process on each side of its base, 
behind which it tapers abruptly to a subulate process 0.15 mm long. In front 
of the cloaca! aperture is a conical unpaired papilla. Of the three pairs of 
anal papillae the middle lies on a level with the unpaired pre-anal papilla, 
the posterior on the posterolateral surface of the nodular postanal process 
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Figs. 22 23. Male af Syphacia montana n. sp. 
Fig. 22. Anteiior extreinify» lateral view. 
Fig, 23. Posterior extremity, lateral view. 


mentioned above. Spicule slender, 81-87/^ long, 5-6broad at its ventrally 
curved base; accesory piece 44-45/^ in length including its terminal barb. 

Female. Body 3.7 5.9 x 0.25-0.3 mm ; lateral alae very narrow, extending 
almost entire length of body. Head 35-54/^ in diameter at level of basal 
lip papillae. Nerve ring 0.1-0.16mm from head end; excretory pore 0.39- 
0.55 mm from head end, 0.15-0.28 mm in front of vulva. Esophagus (including 

pharynx and posterior bulb) 0.3-0.4mm long, toof body length, armed 

with teeth as in male; posterior bulb 78-102 x75-102/^. Tail subulate, 0.45 

0.9 mm long, -g to g of body length. Vulva 0.65- 0.775 mm from head end, 

0.2-0.46 mm behind esophageal bulb, dividing body length in ratio of 1 :4.6- 
7.6, often very prominent. Eggs flattened on one side, 108-125x29-40/^. 

This species differs from S, obvelata (Rud.) in the length of the eso¬ 
phagus and of the accessory spicule, and from S. muris (Yamaguti, 1935) in 
body size as well as in the lengths of the spicules and of the eggs. In 
Rudolphi’s species the length of the esophagus including the bulb is one ninth 
of the body length in both sexes. 
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Spiruridae Oerley, 1885 

12. Habromma microstoma (Schneider, 1866) Ransom, 1911 

Text-figs. 24-26; PI. XLVIII, Figs. 16-18. 


Habitat. Stomach of Equus caballus orientalis 
Locality. Sapporo. 


Male. Body slender, 15-20 mm long by 0.3“0.4mm broad, with posterior 
end rolled up ventrally. Cuticle cross-striated throughout. Cervical papillae 
and nerve ring 0,23-0.33 mm and 0.31-0.35 mm respectively from head end. 

Excretory pore immediately behind 



nerve ring. Head 75-84/^ in diame¬ 
ter. Tail 0.35-0.42 long. Lateral lip 
strongly constricted at base. Buccal 
capsule divided into two portions of 
different structure; the anterior por- 



0,05 mim 


Figs. 24-25. Habrtmema microstoma 
(Schneider, 1866), ventral view. 

Fig. 24, Anterior extremity of male 
dorsoventral view. 

Fig. 25. Head end of female, end- 
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tion is divided into two lateral chambers 24-30/^ in dorsoventral diameter. 
The partition between these two chambers forms a longitudinal ridge, which 
projects forwards and inwards as a prominent blunt tooth with rough surface, 
and decreases in height posteriorly. The posterior portion of the buccal 
capsule is bulbous or cylindrical, 37“47// in diameter, with its chitinous wall 
attaining a maximum thickness of 6-9/^ at the equatorial level. At the base 
of this portion 50-100/^ from the head end is a chitinous ring, which is 36- 
51/^ in diameter, and is directly followed by the esophagus. Esophagus 3- 
3.6 mm long, 0.12-0.16 mm broad near its posterior end, to which a valvular 
apparatus is attached. 

On the posterior ventral surface of the body as well as on the caudal 
alae the cuticle shows transversely incised longitudinal striations. Caudal alae 
about 0.85 mm long by 0.325 mm broad, with 6 pedunculate papillae on each 
side; on the right the four anterior papillae lie one close behind another near 
the cloacal aperture, with the third or the 


fourth level with this aperture, and the pos¬ 
terior two lie one obliquely behind the other 
near the tail end, while on the left the four 
anterior papillae are arranged like the cor¬ 
responding left ones, but a little more anteriorly, 
with the fourth distinctly in front of the 
cloacal aperture, the fifth lies immediately pos- 
terosinistral to the cloacal aperture, a little 
medial to the others, and the sixth 0.27-0.31 
mm from the tail tip. On the ventral side of 
the tail end there are 3 pairs of very small 
sessile papillae close together. Right spicule 
0.34-0.39 mm long, left spicule 0.75-0.87 mm 
long; gubernaculum 60-65long, fluted on 
ventral side, extending on the left about 40/^ 
further forward than on the right. 

Female. Body 19-24 x 0.38-0.55 mm. 
Tail gently curved dorsally and tapering to a 
blunt point, 0.38-0.49 mm long. Cervical pa¬ 
pillae and nerve ring 0.26-0.31 mm and 0.33- 
0.375 mm respectively from head end. Head 
87-100in diameter, lateral lip about 50/^ 
broad at its terminal enlargement, about 40/^ 
broad at its constricted base ; median denti¬ 
form projections blunt, about 12/^ long. Pos¬ 
terior portion of buccal capsule bulbous or 
cylindrical, 45-51in diameter, its wall 6-9/^ 
thick at equatorial level; basal ring 42-57/^ 
in diameter, 90-108 from head end. Eso¬ 
phagus 3.1-3.95x0.13-0.17 mm. Anterior re- 



Fig. 26. Posterior extremity 
of male of Habronema mi' 
crostoma (Schneider, 1866), 
ventral view. 
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ceptaculum seminis 1.75-2.5 mm in front 
of vulva, posterior one 0.87 "2.9 mm in 
front of cloacal aperture. Vagina directed 
backwards from vulva, 0.5-0.75 x 0.07- 
0.09 mm, provided outside with a thick 
(up to 27 //) coat of circular muscles, 
which forms near the genital pore a bulb¬ 
like mass 0.15 “0.2 mm in diameter. The 
vagina passes through this bulb excentri- 
cally and leads into a vulvar tube which 
is 90/^ long and provided with a chitinous 
lining. At the opening of this tube is a 
glandular body about 70/^ in diameter. 
Vulvar opening small, not prominent, di¬ 
viding body length in ratio of 1:1.5- 2.0. 
Embr>'Os sheathed, about 110/-^ long by 
broad as fixed in alcohol and mea¬ 
sured in water. 

13. Hnbronvma tyosenense n. sp. 

Text-hg. 27, PI XLVIII, Fig Jl) and 
PI XIJX, Fig. 20. 

Habitat. Stomach of Korean pony. 
Locality. Quelpart Island (Saisyu-to), 
Korea. 

Mai.e. Body whitish, slender, 13.5x 
0.325 mm, finely cross-striated throughout 
except on ventral side of posterior extremity. From a point 0.9 mm in front 
of the cloacal aperture to the tip of the tail the ventral cuticle forms numerous 
fine longitudinal ridges, of which the precloacal portion is transversely incised 
and assumes a serrate appearance. Lateral flanges narrow, commencing im¬ 
mediately behind cervical papillae, which are situated 0.29 mm from the an¬ 
terior extremity. Lateral lip 12/^ in dorsoventral diameter, constricted on each 
side at base. Anterior portion of buccal capsule 45/^ long, posterior cylindrical 
portion 39/^ in diameter, its wall 6-7.5/^ thick. Median denticular ridges 
prominent, not very sharp. Esophagus 2.2 mm in entire length (anterior mus¬ 
cular portion 0.3 mm), 0.114 mm wide at posterior glandular portion. Tail 
0.26 mm long. Of the six pairs of pedunculated subventral anal papillae four 
are pre-anal and two post-anal. Three pairs of very small sessile papillae are 
on the ventral side of the tail end. Right spicule 0.37 mm long, left spicule 
0.8mm long; gubernaculum cushion-shaped. On the left edge of the cloacal 
aperture is a cuticular shield 40/^ long by broad, and on the anterior 
edge beside the shield is a cuticular rod 30^ long by 9/i broad. A similar 
rod is seen immediately behind the cloacal aperture. 

Female. Body whitish opaque, 17 mm long by 0.475 mm broad. Cervical 



Fig. 27. Posterior ex^^elIllt^ of 
male of Habronema tyosenvnse 
n. sp., vontnil view 
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papillae and nerve ring 0.28 mm and 0.31 mm respectively from anterior 
extremity. Buccal capsule 80/^ long, its anterior portion 45// in length, pos¬ 
terior portion 36// in length including basal ring which is 50// in diameter. 
Anterior muscular portion of esophagus 0.375 mm long, posterior glandular 
portion 2.6 mm long by 0.15 mm broad. Tail blunt 0.26 mm long, curved 
dorsally in form of a hook. Vulva dividing body length in ratio of 1:2.1. 
Vagina looped immediatly behind vulva. 

This species differs from the most closely related H, microstoma (Schnei¬ 
der, 1866) and H, clarki Foster et Chitwood, 1937, in the arrangement of the 
anal papillae, the position of the vulva, etc. In H. clarki the anterior margin 
of the lateral lip is 3-lobed according to the original authors but in the present 
species it is slightly arcuate and entire. 

Literatcre 

Foster, A. O. and Chitwood, il. G. A new nematode, [Jabronema clarki^ n. sp. rSpiniridae), from 
Hydrochoerus isthmtus Goldman. Proc. Helm. Soc. Wash., 4(2), 1936, 64-65. 

M. Protospirura muris (Gmelin, 1890) Seurat, 1915 

Text-Fig. 28. 

Habitat. Stomach of Clethrionomys smithii and Apodemus geisha geisha 
(Thomas'! 

Locality and date. Sintaka at the foot of Mt. Ontake; August II, 1942. 

Malp:. Body 2L25 x 0.8~0.9mm. Head 0.2 mm in diameter* at level of 
anterior end of cylindrical portion of buccal capsule which is 0.16-0.18mm 
long by 63-70// broad. Nerve ring, cervical 
papillae and excretory pore 0.4-0.45 mm, 

0.38-0.4mm and 0.55-0.58 mm respectively 
from head end. Esophagus 3,7x0.32mm, 
with three-lobed po.sterior appendix project¬ 
ing very prominently into intestine. Tail 
0.55-0.65 mm long, with four pairs of minute 
sessile papillae on ventral side of its pos¬ 
terior end. 4 pre-anal and 2 post-anal pairs 
of pedunculated papillae. Right spicule 
1.01mm long; left spicule slender, 0.89-1.0 
mm long. Gubernaculum 80// long. 

Famale. Body 34 44 x ] .0-1.6 mm. 

Head 0.25-0.33 mm in diameter. Buccal pig. 28. Head end of Protospirura 
capsule consisting of funnel-shaped vestibule mwris (Gmelin, 1890 , md-on vu-w. 
and cylindrical posterior portion 0.125-0.23 

mm long, with thick muscular coat. Nerve ring, cervical papillae and excretory 
pore 0.45-0.55 mm, 0.425-0.55 mm and 0 56-0.78 mm respectively from head 
end. Esophagus 3.75-4.8 x 0.31-0.42 mm. Tail 0.3-0.45 mm long. Vulva at 
about junction of anterior with middle third of body. Eggs elliptical, thick- 
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shelled, embryonated, 54-60 x 27-33/A 

Except for the four submedian papillae and the two lateral amphids there 
is a pair of minute blunt-conical cuticular protuberances on each lobe of the 
lips near its tip. The middle lobe of each lateral lip has two or three conical 
teeth along its truncate end, while the submedian lobe has a single pointed 
tooth on the inner surface of its tip. 

Literatuhk 
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Filariidae (Cobbold, 1864) 

15. Setaria equina (Abildg., 1789) Railliet et Henry, 1911 

Text-fig. 29. 


Habitat. AI)doniinal and thoracic cavities of Equus caballus onentalis. 

Localities. Kyoto and Sapporo. 

Material. Three males and four females. 

Male. Body spirally twisted posteriorly, 58“-(>4 x 0.5-0.53 mm Cuticular 
peribuccal ring cosisting of inconspicuous lateral lips and very prominent, trun¬ 
cate, median processes. Of the four submedian head papillae the anterior two 
are prominent horn-like cuticular processes and lie about halfway between the 
peribuccal ring and the posterior submedian papillae. The latter are less 
prominent, rather flat and lie on a level with the lateral amphids. Nerve 
ring and cervical papillae 0.2-0.25 mm and 0.45 -0.5 mm respectively from head 
end. Anterior muscular portion of esophagus 0.5-0.75x0.11-0.13mm, some-' 
what constricted by nerve ring; posterior glandular portion 7.9-10 x 0.27-0.3mm. 
Tail bluntly pointed, 0.11-0.12 mm long, slightly constricted at about its middle, 
without cuticular lateral process as observed in Setaria laHatopapillosa^ contrary 
to Thwaite’s description*. The pre-anal and post-anal ventral surface of the 
body, espcially the circumcloacal area, is covered with minute refractive gra- 
unles. Four pairs of pre-anal and six pairs of post-anal, papillae are present, 
including one pair of lateral papillae for the former and two pairs for the 
latter. The anterior lateral post-anal papilla lies immediately behind the tail 
constriction and the posterior, smallest of all, at the tip of the tail. 

A single median papilla-like structure may be present on the anterior 
margin of the cloacal aperture. Right shorter spicule 0.21-0.24 mm long. 
Left longer spicule 0.7-0.71 mm in entire length including terminal filament; 
its proximal half is tubular and 50-65/^ in diameter at the enlarged proximal 

* It seems very probable that Thwaite regards the lateral post-anal papilla as cuticular 
appendage. 
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end, the distal half consists of a 
spear-shaped chitinous axis and a 
membranous sheath, whose distal 
end is truncate except on the right, 
where it tapers abruptly to a fine 
filament about 45long. Between 
these two portions of different 
structure is intercalated a half-spiral 
of a corkscrew. 

Female. Body 86 100x0.8- 
1.05 mm. Nerve ring and cervical 
papillae 0.24-0.31 mm and 0.4 0.63 
mm respectively from head end. 
Anterior muscular portion of eso¬ 
phagus 0.8- 0.95 y 0.15 0.18 mm,pos¬ 
terior glandular portion 10.5-12.6 
X 0. t-0.5 mni. Tail 0.35-0.5 mm 
long, with a pair of conical lateral 
processes near its terminal knob. 
Vulva 0.58-0 8 mm from head end. ' 
Kmhryos 0.225-0.25 mm long by 
5// thick 

16. Setaria labiatopapillosa 
(Alessandrini, 1838) 



[ext fiKs 30 31; FI. XLIX, Fig. 21 29 Posterior extremity of male of 

Setaria equina (Abildg., 1789), lateial 

Habitat. Body cavity and sub- view 

cutaneous or intermuscular connec¬ 
tive tissue of Bos taurus domesticus Gmelin. 

Locality. Kyoto abattoir. 

Male. Body slender, forming two spiral turns at posterior extremity, 
36-57 X 0.4-0.55 mm. Cuticle smooth, up to 20 p thick. Mouth aperture dor- 
soventrally elongated oval or elliptical; lateral lips more or less convex or 
conical, occasionally trapezoidal in lateral view; dorsal and ventral cuticular 
projections very prominent, distinctly notched at middle of anterior margin, 
65-70/^ apart from end to end. On each side of the mouth there are two 
pairs of smaller and two pairs of larger, submedian papillae, and a pair of 
lateral amphids as shown in fig. 30. Nerve ring and cervical papillae 0.2-0.3mm 
and 0.38-0.6 mm respectively from head end. Anterior muscular portion of 
esophagus 0.45-0.88 mm long, posterior glandular portion 5.0-7.85 mm long. 
Tail blunt-pointed, 0.18-0.21 mm long, with a pair of blunt, horn-like, lateral 
processes at some distance from its end. Besides one pre-anal and two post- 
anal, unpaired median papillae there are altogether 8 pairs of caudal papillae, 
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of which three are pre-anaP^ one is ad-anal" and four are post-anal, two of 
the latter being smaller than the cithers and lying laterally immediately in 
front of the base of the hornlike process mentionc^d above. Right shorter 
spicule shaped like a chopping knife, 0.1-0.15mm long; left longer ‘spicule up 
to 0.7-0.75 mm in length including terminal filament whose proximal portion 
shows a sheath-like structure; the greater chitinous portion of this spicule 
0.34 0.4 mm long is tubular and thin-walled proximally, then corkscrew-like 
and finally corrugated transversely. 

Female. Body 37-104x0.4-0.88 mm, tapering posteriorly and forming 
one spiral turn. Dorsal and ventral cuticular projections of lips 75-180/^ 
apart from end to end. Nerve ring 0.19-0.35 mm, cervical papillae 0.3-0.6 mm, 
from head end. Anterior muscular portion of esophagus 0.52-1.1 mm long, 
posterior grandular portion 5.2-11.5 mm long. Tail 0.3-0.63 mm long, with 
a pair of lateral processes near its terminal knob which is coverd with minute 
spines. Vulva 0.35-0.83 mm from head end. Embryo 0.19-0.2 mm long, 
inclosed in a sheath about 0.3 mm long. 

It is to be noted that the large spicule of my specimens is different in 
length from that of Thwaite’s. This difference is, however; due to the fact 
that Thwaite has overlooked the terminal portion of the spicule. 

1} and 2 ) The ad-anal papilla may be shifted anteriad, so that there may be four pro-anals 
present. Occasionally 6 pre-anals may be found on one side. 
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PsEiJDALiiDAE Railliet, 1916 
17. Stenurus globicephalae Baylis et Daubney, 1925 

Text-fiRS. 32-34; PL XLIX, Figs. 22-28. 

Habitat. Accessory nasal cavity of Globiocephalus scammoni Cope. 

Locality, Taizi, Wakayama Prefecture. 

Material. Numerous mature males and females. 

Male. Body slender, 18-22.5 mm in length, with maximum breadth of 
0.4 mm in greater middle portion, markedly attenuated in region of ductus 
ejaculatorius, where the dorsal and lateral parietal muscles run obliquely ven- 
troposteriad. Tail 50-75 yw long, curved ventrad, provided with characteristic 
bursa described below. Cuticle smooth, without lateral flanges. Mouth aper¬ 
ture not exactly circular, but rather 3-lobed in end-on view, one lobe being 
dorsal, others subventral. Head with two circles of two lateral and four sub¬ 
median papillae each ; anterior circle about midway between mouth aperture 
and posterior circle; anterior papillae smaller than posterior, lateral papillae 
sometimes inconspicuous. The mouth aperture leads directly into a shallow, 
thick-walled, buccal capsule 9-12/^ in length and 2-1-50// in inside diameter 
at its anterior end. In optical section the wall of the buccal capsule is diver¬ 
gent posteriorly and extends outwards over the anterior end of the esophagus. 
Nerve ring and cervical papillae 0.15-0.22 mm and 0.18-0.31 mm respectively 
from head end. Esophagus musculo-glandular, approximately club-shaped, 
0.48-0.57mm long, slightly enlarged at anterior end (60-80// in diameter) as 
well as near posterior end (78 108// in diameter), with triradiate lumen, its 
cuticular lining is continued over the swollen epithelia at the anterior end of 
the intestine. 

Testis tubular, narrow, commencing at a point 0.8 1.1 mm from head 
end, running backward. Bursa 90 x 130//, campanulate, though interrupted 
anteriorly in median line, divided into a posterior median lobe and two sym¬ 
metrical lateral lobes; posterior lobe with a slight notch at middle of its free 
margin, supported by a thick median ray with two widely divergent rami, each 
of which is tipped with a minute point; lateral lobe subdivided into an an¬ 
terior lobe supported by a digitiform, basally swollen ray and a posterior lobe 
supported by a stout, distally enlarged ray with two digitations. The cloacal 
aperture lies between the two anterior lateral lobes. Spicules equal, 0.13- 
0.15 mm in length including the attenuated anterior portion w^hich is 24-36// 
long and looks like a handle or a root, the main portion curved ventrally like 
a chopping knife, distinctly fluted ventrally in the left spicule but dorsally in 
the right spicule, lateral wings of each spicule membranous and parallel to each 
other (fig. 33). Gubernaculum placoid, with granular markings, 35-45 x IS¬ 
IS//. No anal papillae. 
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Female. Body 26-36x0.5-0 6 mm, tapering rapidly in esophageal region 
but gradually toward posterior extremity Nerve ring and cervical papillae 



Figs iZ 34 Stenurus glabicephalae Bayhs et Duubney, 1925 
Fig 32 Anterior extremity of male, dorsal view 
Fig 3S Posterior extremity of male, lateral view 
Fig 34 Posterior extremity of female, lateral view 
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0.18-0.23 mm and 0.25-0.35 mm respectively from head end. Excretory pore 
not detected. Buccal capsule 14-24in length, 45-60/^ in inside diameter at 
its anterior end. Esophagus 0.55-0.65 mm long, 80^-95/v broad at its anterior 
end, 105-132/^ broad at its posterior swelling. Rectum 60-70/^ long, anus 
ventroterminal. Tail projecting posterodorsad in form of a flat conical 
prominence, provided with a pair of small papillae at its tip. Ovaries usu¬ 
ally commencing some distance behind esophagus, occasionally in esophageal 
region, running backward alongside each other. In one example the ovary, 
removed from the body in life, measured 11.7 mm in length with maximum 
diameter of 0.3 mm at greater middle portion, 30/^ wide at tapering anterior 
extremity, uniformly wide (70/^) for a distance of about 1.2 mm at posterior 
end; receptaculum seminis elliptical, 0.18 mm in diameter; uteri wide, contain¬ 
ing embryonated eggs, parallel to each other, joining together near posterior 
extremity to form a cylindrical ovijector. Latter running straight backward, 
0.45-0,75 mm long, lined with flattened epithelia and surrounded by a thick 
layer of mainly circular muscle fibers. Vagina 0.1-0.15 mm long, lined with 
cuticle, provided at its greater middle portion with a bulbous sphincter which 
is 40-50/^ in diameter and consists of outer meridional and inner obliquely 
circular muscle fibers. Vulva 30-40/^ anteroventral to anus, with two unequal 
cuticular bosses, which are pressed against each other with the slit like genital 
opening between. The anterior boss is 30-33in diameter and contains a 
papilliform pulp 15-20/^ in diameter, while the posterior is hemispherical and 
much smaller than the anterior, with or without a small digitiform pulp. 
Embryos hatching in uterus, 0.32-0.35 mm long and 15-20/^ broad as killed 
by hot water; tail pointed, 1-6// long, slightly flexed. Embryonated eggs 
96-120x69-78// in life, with very thin delicate shell. 
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Figs. 1-3. 
Fig. 1. 
Fig. 2. 
Fig. 3. 
Figs. 4-6. 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Fig. 7-10. 
Fig. 7. 
Fig. 8. 
Fig. 9, 
Fig, 10. 


Explanation of Plates 
PI. XLVII. 

Triodontophorus hrevicauda Boulenger, 1916. 

Head end of male with 61 leaf-crown elements, end-on view, 140 x. 
Posterior extremity of male, ventral view, 35 x. 

Posterior extremity of female, lateral view, 50 x. 

Triodontophorus serratus Looss, 1900. 

Head end of female with 51 leaf-crown elements, end-on view% 200^ 
Anterior extremity of female, lateral view, 100 x. 

Posterior extremity of male, lateral view, 35 X, 

Triodoniophorus nipponicus n. sp. 

Head end of male with 57 leaf-crown elements, end-on view, 2(K> x . 
Anterior extremity of male, subventral view, 35 x. 

Posterior extremity of male, lateral view, 75 x. 

Posterior extremity of female, lateral view, 35 X . 
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PI. XLVIIL 

Fig. 11-12. Trichanema gubcormuUutn n. sp. 

Fig. 11. Anierior extremity of male, lateral view, 140 X. 

Fig. 12. Posterior extremity of male, lateral view, 35 x. 

Fig. 13. Head of female of Bunostomum trigonocephalum, lateral view, 75 X. 
Figs. 14-15. Syphacia maniana n. sp. 

Fig. 14. Male, lateral view, 50 X. 

Fig. 15. Egg, lateral view, 300 x. 

Figs. 16-18. Habronema microatoma (Schneider. 1866) 

Fig. 16. Anterior extremity of female, dorsal view, 100 X. 

Fig. 17. Part of female showing posterior ovary and receptaculum seminis, 75 X. 
Fig. 18. Posterior extremity of male, ventral view, 35 X, 

Fig. 10. Posterior extremity of male of Habronema tyoaeneme n. sp., ventral view. 
75x. 


PI. XLIX. 


Fig. 20. Posterior extremity of female of Habronema tyosenense n. sp., lateral 
view, 75 X. 

Fig. 21. Posterior extremity of male of Setaria labiatopapillosa (Alessandrini, 
1838), lateral view, 75 X. 

Figs. 22-28. Stenurus globicephalae Baylis et Daubney, 1925. 

Fig. 22. Anterior extremity of male, lateral view, 75 X. 

Fig. 23. Posterior extremity of male, ventral view, 75 x. 

Fig. 24*. Posterior extremity of male, lateral view, 140 x. 

Fig. 25. Spicules and gubemaculum pressed under cover glass, 300 x. 

Fig. 26. Posterior extremity of female, lateral view, 140 x. 

Fig, 27. Eggs, 300 X. 

Fig. 28. Embryos, 140 X. 


Abbreviations 

f 

A anus 

AO anterior ovary 
AP accessory piece 
AU anterior uterus 
B bursa copulatrix 
BH buccui bristle 
BC buccal capsule 
CP cervical papilla 
D dorsal ray 
DC dentigerous club 
DC dorsal gutter 
E esophagus 
EH embryo 
ED externodorsal ray 
EL externolateral ray 
ELC external leaf-crown 
El^ ex<TetoTy pore 
G gubemaculum 
I intestine 

ILC internal leaf-crown 
L membranous ledge 
LA lateral amphid 
Ll^ lateral lip 
LP lateral papilla 
LV lateroventral ray 


USED IN Figures 

M mouth 

ML mcdiolateral ray 
NR nerve ring 
O ovary 
OJ ovijector 
P ]>apilla 
PH pharynx 
PL posterolateral ray 
PLT plectane 
PO posterior ovary 
Pir posterior uterus 
R rectum 

RR row of chitinous ribs 
RS rosette 
SB spiny band 
SM submedian papilla 
SP spicule 
SPH sphincter 
T testis 
TH tooth 
If uterus 
V vulva 
VG vagina 
VV yentrovenlral ray 



















6. Life History of a Frog Tapeworm Ophiotaenia ranae 
Yamaguti, 1988 

By Satyu Yamaguti 

Laboratory of Parasitology, Kyoto Imperial University 
(With 6 Text-figures and Plate L) 

In 1931 Lyell J. Thomas worked out the life history of an American 
frog tapeworm Ophiotaenia saphena. He fed the eggs teased out from the 
adult to Cyclops vulgaris var. brevispinosus, in which mature procercoids with 
an invaginated scolex were found 12-14 days after the ingestion of eggs. 
Direct infection of frogs by accidental eating of infected cyclops was suggested. 
Three years later the same author succeeded in infecting frog tadpoles by 
feeding them infected cyclops. 

I have recently made an attempt to elucidate the life cycltf of a Japanese 
frog tapeworm Ophiotaenia ranae, which was found in Rana nigromaculata 
taken from a pond at Kobata near Kyoto and described in Part 22 of my 
studies on the helminth fauna of Japan. This species is probably identical 
with O. ranarum Iwata et Matuda, 1938, but the description by these authors 
being incomplete, I prefer to use the name Ophiotaenia ranae mihi for the 
present. 


I. Oncosphere 

Text-fig. 1; PL L, Figs. 12. 

The tapeworms when removed from the frog intestine and placed in water 
shed enormous numbers of eggs (PI. L. Fig. 1) from the ripe proglottides. 
The globular outer egg shell, 3&~45// in diameter, contains transparent aqueous 
fluid in the comparatively wide space between itself and the embryonic shell. 
The latter is 21-23/i in diameter, and contains refractive granules, which shift 
about with the contraction of the embryo within. The oncospheres are fully 
developed for infection and measure 12-25in diameter with three pairs of 
.hooks 5/i long. 

When placed (June 6, 1942) in a watch glass containing Mesocyclops which 
had been collected from a natu;r^l habitat and examined for parasites with 
negative results the eggs were promptly eaten by the copepod as easily con¬ 
firmed by examination under a microscope. The oncospheres, liberated from 
the egg shell in the midgut of the copepod, remain there for some time con¬ 
tracting and expanding until they make their way into the body cavity of the 
host The elapsed time for the penetration varied considerably. The onco- 
sph^es which had penetrated into the body cavity shifted from the anterior 
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body region to the posterior ot-. vice versa rolling about passivdty with the 
movements of the digestive tract of the host. 24 hours after feeding they are 

18-25/^ in diameter 



in the fresh state, 
but 15-21 A* in dia¬ 
meter when fixed 
in acetic sublimate, 
not showing appre¬ 
ciable growth as 
compared with the 
embryo that has 
just hatched. Near 
the side opposite 
the three pairs of 
the larval hooks are 
seen two nuclei, 
each of which is 
4-6/w in diameter, 
and has a compara¬ 
tively thick nuclear 
membrane and a 
distinct nucleolus. 
The plasm ic con¬ 
tents of the onco¬ 
sphere are finely 
granular but ap¬ 
pear alveolar when 
stained in life with 
neutral red. 

II. Procercoid 

Text-figs. 2-3; 

PI. L, Figs. 3-4. 

In a week af¬ 
ter infection the 
oncospheres grew 
up into elongate 


Figs. 1-6. Developmental stages of Ophiataenia ranae shown 
semidiagraninuitically. 

Fig. 1. oncosphere. Fig. 2. procercoid. Fig. 3. tailed 
procercoid prior to invagination of hbad. Fig. 4. tailed 
cysticercoid. Fig. 5. cysticercoid. Fig. 6. juvenile form. 
AO apical organ, C cercomer, CC caktteous corpuscle, 
EP excretory pore, FC flame cell, FS foramen secun¬ 
dum, H larval hook, S sucker. 


{KTOcercoids in va- 
ifying degrees of 
develf^mient. some 
iure rather plump 
and only 30/u in 
length, others are 
up to long 
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by 30/^ broad with blunt pointed extremities. In these most advanced forms 
the first aniage of the apical organ about 20/^ in diameter has appeared at 
the extreme anterior end of the body though the four suckers, even their 
anlagen, are not yet developed; at the posterior extremity is seen a more or 
less distinct constriction by which the aniage of the corcomer is marked off 
from the body. The calcareous corpuscles which are not yet recognizable in 
younger forms have made their first appearance; they are irregular in shape 
and vary in number from one to several. In addition to these, numerous 
strongly refractive granules are found in the parenchyma. The three pairs of 
larval hooks are separated one from another though the two hooks of each 
pair are close together as before, the posteriormost pair being enclosed in 
the cercomer as the latter is formed. Flame cells have not yet been 
observed. 

As examined four days later (June 17) the calcareous bodies have increas¬ 
ed in number (more than 10), and the rudiments of the suckers have presented 
themselves on the head, which is now set off from behind by a constriction. 

12 days after ingestion of eggs three forms in different degrees of deve¬ 
lopment were observed. The first youngest form which still remains in the 
first procercoid stage owing to retardation of development or for some other 
reasons .such as delayed infection shows at the head end closely packed cell 
nuclei a little larger than the others, and at the tail end a rudiment of the 
cercomer, into which the posterior pair of the hooks has not yet shifted. The 
second form is characterized by the cercomer and the prominent v\ ell-defined 
head with an apical organ 20 25in diameter and four suckers 30 35/^ in 
diameter, as well as by the cylindrical trunk 0.15 mm long and containing 
large numbers of globular to elliptical calcareous corpuscles 3-6/^ in diameter. 
These corpuscles are .scattered throughout the trunk except the scolex and 
cercomer. In the third form 0.12-0.17 mm long by 0.08 0.11mm broad and 
showing the most advanced development, the head end enclosing the apical 
organ is retracted into the bulbously swollen anterior portion of the trunk, 
which tapers posteriorly to a blunt point and is provided with a vesicular 
cercomer. Thus a tailed cysticercoid stage is reached within 12 days. 

III. Tailed cysticercoid 

Text-fig, 4; PI. L, Figs. 5-8. 

The apical organ, projecting as a hemispherical prominence into the cavity 
formed by invagination of the anterior portion of the trunk, is 36/^ long by 
42/^ broad and contains at the apical center about 10 fusiform or elongated 
elliptical glandular cells arranged radially in a typical rosette. It has a definite 
limiting membrane separating it from the surrounding parenchyma but no 
muscular elements characteristic of a sucker. In the circular groove around 
the retracted bead there are four suckers at equal intervals with the compres¬ 
sed apertures directed inwards. From their solely muscular structure it is 
certain that they are functional suckers. The cuticle is 2/^ thick and smooth, 



458 


S. YAMAGUTI 


and the underlying musculature consists mainly of circular fibers. The nuclei 
of the parenchyma cells are 5~6/^ in diameter, with a thick nuclear membrane 
and a conspicuous nucleolus. The two pairs of hooks are hardly recognizable 
in the parenchyma of the trunk, in which the calcareous corpuscles have 
greatly increased. Another pair lies in the tail vesicle. A pair of rudimentary 
excretory tubules is seen running sinuously from the head to the point where 
the cercomer is attached, but flame cells are as yet unable to detect. The 
cercomer is pyriform and measures 40long by 20broad; its cuticular integu¬ 
ment and the underlying muscle layer are thinner than they are in the body 
proper; the parenchyma appears vesicular and lighter than it is in the trunk, 
and has no calcareous corpuscles. After fixation in acetic sublimate the nuclei 
of the tail parenchyma are seen inside the subcuticular muscle layer; they are 
round, 3.5> 4.0/^ in diameter, and possess a thick nuclear membrane and a 
distinct nucleolus like those of the body parenchyma. Flame cells have not 
yet been observed. With the shedding of the cercomer the tailed cysticercoid 
stage proceeds to the tailless cysticercoid stage in about two weeks after 
infection. 


IV. Tailless cysticercoid 

Text-fig. 5; PI. L, Figs. 7-9. 

The body is approximately pyriform with the broader end in front and 
measures 0.12-0.18 mm long by 0.09-0.11 mm broad, but when contracted it 
is subglobular to oval. At the posterior extremity is a more or less distinct 
notch which is left behind as the cercomer is shed. The cavity becomes deeper 
than before owing to descent of the apical organ, which is now located at the 
bottom of the cavity, and the suckers have come to lie anterolateral to the 
apical organ. The anterior opening of the cavity becomes markedly narrower. 
In the granular parenchyma are scattered more than 30 calcareous corpuscles 
of varying shape. The two pairs of larval booklets are hardly recognizable 
in the parenchyma. The very fine, tubular, ascending excretory anlage, appa¬ 
rently originating on each side in the posterior part of the body, turns back 
on itself immediately in front of the two suckers of its own side, and descending 
as far back as the posterior extremity unites with its fellow to form a short 
common tubule, which in turn opens to the outside at the terminal notch. 
The cercomer shed from the body tapers anteriorly to a sharp point, by which 
it was attached to the body at the terminal notch. Even after it has been 
detached it is capable of contraction. The parenchyma has not yet undergone 
vacuolar degeneration, and the paired larval hooks 6/^ long remain unaltered. 

V. Infection Experiment 

Two weeks old cysticercoids were fed to Rana nigromaculata, but with 
negative results. The culture of the cyclops was continued further on. In 
the meanwhile, however, the infected copepods died one after another, so that 
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the rest were used for another infection experiment June 23, 17 day^^ after 
the feeding of eggs. Some of the larval forms found on this day in the body 
cavity of the infected cyclops were still immature, others, however, were fully 
developed, showing numerous active flame cells in the parenchyma. The de¬ 
tached cercomers were still alive in the body cavity of the copepod, executing 
inactive contraction and extension. 

One month after the feeding of the infected cyclops one of the three 
frogs examined harbored a young tapeworm in the small intestine. 

VI. JrvENiLK Form 
Toxl-fig 6; FI. L, Fig. 10. 

As fixed in acetic sublimate under a cover glass the young worm is 1.75mm 
long h\ 0.5 inm broad, the apical organ being 0.12 mm and th<‘ suckers 0.11 mm 
in diameter. The cuticle is smooth and 3-5/^ thick. Of the subcuticular 
niii’^ch's the inner longitudinal fibers are fairly well developed. The subcuti- 
cuKir cell laver is thick and comjMct. The calcareous corpuscles are numerous 
in the par^mchyma. No genital anlagen have been observed. A prolonged 
observation under cover glass pn^ssure sh<>wed that some secretory matter was 
(liscliarg(‘d fioin the rosette cells of the apical organ, a fact duly suggestive 
of ^ecietorx function of this organ. The ascending excretory tubules of the 
luo sk1(‘s ai(» continuous posteri<n’l> dorsal to the excretory vesicle, and send 
out side branches terminating in c.ipillar i(>s; they turn hack on themselves h\ 
the apical organ to h(‘ contmiu d into the descending tuhuh's. The latter give 
olf at irregular intervals numerous shfHi outer branches, which open outside 
on th<' lateral margin h\ so-called foramina secundaiia. The excretory vesicle 
IS tubular and lined with a la\er of epithelia except at its posterior portion, 
which is covered with cuticle. There is a ring-shaped anastomosis encircling 
the base of the apical organ. 

The remaining tw'o frogs were examined three months after the feed¬ 
ing, but were negative. In spite of unsatisfactory results of the experiment 
it is certain that the infection of the final host takes place by eating cvclops 
infected with mature cysticercoids, and that a second intermediate host is not 
required. 


Summary 

1. The eggs taken from the ripe proglottides of the adult contain fully 
developed oncospheres. 

2. When fed to cyclops the eggs are ingested, and the oncospheres are 
liberated in the midgut and sooner or later make their wa> into the bod> 
cavity of the copepod, where they grow up to infective cysticercoids in more 
than 17 days after they have passed through two successive stages of develop 
ment, the procercoid and the tailed cysticercoid. 

3. The procercoid stage sets in as the body of the oncosphere becomes 
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elongated and differentiated into two regions, the head and the trunk. At 
the head end appears the apical organ earlier than the foui- suckers. The 
cercomer is formed at the end of this stage. 

4. With the invagination of the head into the anterior part of the trunk 
the procercoid becomes a tailed cyticercoid. The latter becomes an infective 
cysticercoid as the cercomer is shed. 

5. Of the three pairs of the larval booklets two remain in the body 
proper of the procercoid, one is constricted off with the cercomer during the 
procercoid stage. 

6. The cercomer is shed in the body cavity of the copepod at the end 
of the tailed cysticercoid stage about two weeks after the infection, hiven after 
it has been detached it remains still alive, executing inactive contracting 
movements. 

7. The apical organ or the so-called fifth sucker contains a rosette of 
glandular cells at its apical center. It is a glandular organ rather than a 
functional sucker. 

8. Calcareou.s corpuscles are formed in the j)rocercoid stage and gradually 
increase in number as development proceeds. They are confined to the body 
proper and lacking in the cercomer. 

9. Flame cells make their first appearance in the cysticercoid stag(\ though 
the paired primordial excretory tubules are recognizable in the f(»regoing siag<\ 
In the juvenile tapeworm the ascending excretory tubules are united posteriorly, 
and the descending send out laterally numerous shoj-t branches opening outside 
by “foramina secundaria”. 

10. Rana nigromaculata is jnfected with the tapeworm In accidental 
swallowing of cyclops harboring (ull-grown cysticercoids. No second intc'r- 
mediate hosts are needed. 


Litlkatcrk 

Thomas, L. J. Notes on the life history of Ophiotavnm mphena from Hana vlamiiuns Latr. Jour. 
Parasit., 17C4;. 1931, 187-194. 

rhomus, J. Further studies on the life cycl<‘ of a frog tapeworm Ophiotaenia saphena OsItT. 
Jour. Parasit., 20(5), 1934, 291 291. 


Fig. 1. 
Fig. 2. 

Fig. 3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 

Fig. 7.* 
Fig. 8. 

Fig. 9. 
Fig. 10. 


Explanation ok Platk L 

Egg of Ophiotaenia ranae, 300 X. 

Oncosphere from body cavity of cyclops, 300 X. 

Two nuclei are seen on the side opposite the booklets. 

Earlier procercoid stage, 300 x. 

Procercoid with anlage of apical organ, 140 X. 

Tailed cysticercoid 200 x. 

Same, Bxed in acetic sublimate under cover glass pressure, showing apical 
organ and suckers. 200 X, 

Cephalothorax of cyclops harboring tailed and tailless cysticercoids, 75 x. 
Tailed and tailless cysticercoids pressed out of infected cyclops, 2 weeks 
after infection, 75 x, 

Mature cysticercoid, 17 days after infection, 140 X. 

Juvenile tapeworm from intestine of Rana nigromaculata^ one month 
after feeding of 17 days old cysticercoid, 25 X. 





7. On the Morphology of the Larval Forms of Paragonimus westermanii, 
with Special Reference to their Excretory System 


By Satyii Yamacji'ti 

Lahoratorv of ParasitoloRy, Kyoto Imperial University 
(With Plate LI LII) 

(Received January 1, 19411) 

Japanese investigators such as Nakagawa, Ando, Kobayashi, Yoshida, 
Yokogawa and Wakesliima, etc. have studied the anatomy of the cercaria of 
the human lung fluke, hut their descriptions being inadequate, a re-examination 
of the worm, especially of its excretory system, is desirable so far as it con¬ 
cerns the hitherto undescribed flame cell pattern. In this respect Ameel, to 
whom we owe the most complete available description of the c<*rcaria, states 
that dl flame cells were counted on each side, though no deiinito pattern could 
be determined. 

llic first intermediate host Semisulcospira Hbertina and the second Erio 
cheir japontcus were collected in an endemic area in T/.u Province and placed 
at my disposal through the kindness of Dr. Yosihiko Kogame of Tokyo, to 
whom 1 wish here to express my grateful appreciation. 

The cercaria and redia were dissected out of the snail host and examined 
in life. Unless otherwise stated the measurements we're made* on the whole 
mounts subjected to slight cover glass pressure wdien fixed in ac^etic sublimate 
and stained with Heidenhain's hematoxylin. The cysts were taken from the 
gills and muscles of the cral), and the m<*tacercaria was liberated by rupturing 
the cyst wall with dissecting needles. It w'as after many painstaking efforts 
that intakt worms were set free in this way. In the incubator at a temperature 
of the melacercariae emerged from the cysts sooner or later of their own 
accord, but the flame cells w^re difficult to count in the examples thus obtained. 
Fresh solutions of neutral red and Nile blue sulfate gave satisfactory results 
in staining penetration glands as showm in the photomicrographs (PI. LII, Figs. 
3, 5, 6). 


I. Redia 

PI. LII, Fig. 3. 

The mature rediae are plump, ellipsoidal or fusiform, 0.45-1.1 mm long 
by 0,2-0.4mm broad in life under slight cover glass pressure, but 0.75-1.3 mm 
by 0e3-0.4mm in flattened preparations. They usually contain a small number 
(not over a dozen) of mature cercariae along with immature ones; at the 
posterior extremity are massed together a number of developing germ cell 
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balls of varying sizes. The anterior extremity is beset with short hairs hardly 
recognizable even in the fresh state. There is neither collar nor pediform 
appendage. The terminal mouth leads immediately into the spherical, muscular 
pharynx 50-75/^ in diameter. The tubular intestine, more or less constricted 
at the junction with the pharynx, extends usually beyond the middle of the 
body, occasionally to the posterior extremity. In immature rediae, however, 
it is much shorter and confined to the anterior part of the body. The birth 
pore lies by the side of the pharynx. 

The excretory pore opens on each side of the body a little behind the 
equator; the main collecting tubule proceeds toward the side, on which the 
intestine is located, and gives rise to an anterior and a posterior branch ; the 
anterior branch runs forward parallel to its fellow of the other side, and divides 
into four terminal capillaries, of which two are directed forwards and the other 
backwards, the anteriormost flame cell lying shortly behind the pharynx; the 
posterior branch also terminates into four capillaries a short distance behind 
the excretory pore, the posteriormost flame cell lying near the hind end of 
the body. The flame cell formula is therefore (4 + 4) x 2=16. 

II. Cercaria 

PI LT, Fig. 1; PI. LU, Figs. 4*7. 

I'he fully developed cercaria is approximately elliptical, 0.18-0.26 mm long 
by 0.07-0.13 mm broad and has a small cylindrical tail 15-30/^ long by 9 17/^ 
broad. On the ventral .side of the hindbody is seen a pronounced median 
groove, whose wall is made up of a very thick cuticle of the body, and whose 
maximum depth lies immediately behind the acetabulum with gradual decrease 
posteriorly. When contracted the groove is distinctly puckered at the margin, 
but under increased cover glass pressure it is no more recognizable. On the 
body especially at the anterior extremity there are numerous, very fine hairs 
at right angles to the surface, with a minute papilliform base. On the lateral 
edge of the body 10 hairs were counted ; the first four and the last two are 
shorter and closer together than the others, which are set at nearly equal 
intervals between the neck region and the post-acetabular level. The dorsal 
and ventral hairs are very short and not recognizable on the hindbody. The 
cuticle of the body is beset in quincunx with very small spines, that of the 
tail is however smooth except on the tip, where larger spines are grouped, 
giving it a shaggy appearance. Elongated subcuticular cystogenous glands are 
present all over the body but are especially numerous in the neck region. 

The oral sucker is 42-63/^ in diameter and opens ventrally at the ajiterior 
extremity, with a pair of broad-based papillae on the posterior margin of its 
aperture. In the dorsal wall is deeply embedded a simple stylet 36fJt long by 
9 broad and showing several longitudinal striations. There are well developed 
muscle fibers directed forwards divergently from the base of the stylet as 
described and figured by Kobayashi. With this stylet the sucker may be 
produced forwards in form of a cone, executing piercing movements* The 
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prepharynx is slender and 15--33/i long. The barrel- or pear-shaped pharynx, 
10-18 x8~12;«, lies slightly nearer to the oral sucker than to the acetabulum. 
The esophagus and intestine were unable to detect in living worms. They are 
however recognizable as a very narrow string of cells in well stained whole 
mounts; the esophagus bifurcates about midway between the pharynx and the 
acetabulum, and the intestinal limbs extend in a simple arcuate course to the 
posterior extremity, where they terminate blindly. The acetabulum, 24-36/^ 
long by 30-38/^ broad, lies behind the middle of the body, with its center 
dividing the body length in the ratio of 1.4-1.9:1. 

In front of the acetabulum, partly overlapping this, there arc 14 penetra¬ 
tion glands with vesicular nuclei. They can be differentiated into two groups 
not only from their affinities for neutral red or Nile blue sulfate but also from 
the position and size of the gland cells and the separate course of their ducts. 
Each outer group consists of 4 large cells containing relatively coarser secretion 
granules vs'ith greater affinities for the above mentioned stains and possessing 
larger nuclei (6// in diameter). The four ducts from this group form a tor¬ 
tuous bundle, which runs forwards near the side of the body and penetrates 
the oral sucker; the three ducts open close together at the anterodorsal end 
of the sucker, another duct deviates from the others near its anterior end and 
proceeding inwards opens a little behind its fellows. Each inner group contains 
three smaller gland cells with very fine secretion granules staining less inten¬ 
sively than those of the outer cells, and lies in the pre-acetabular median field ; 
the three ducts are bundled like the outer and run up sinuously along the 
median line near the dorsal surface, and after penetrating the oral sucker open 
to the outside dorsal to the stylet just medial to the oi)enings of the outer 
ducts. 

The large ganglionic mass is situated on each side of the prepharynx 
inside the ducts of the outer penetration glands. The genital primordium is 
present just behind the acetabulum as a transversely elongated mass of cells 
of irregular outline. 

The excretory bladder is 30-60/^ long and lined with a layer of cuboid 
epithelia. It extends longitudinally in the median field of the hindbody dorsal 
to the ventral groove mentioned above and opens to the outside by an inverted 
Y-shaped duct lined with cuticle. The two branches of this duct pass obliquely 
backward between the body proper and the tail. The collecting tubule, arising 
at the anterolateral comer of the bladder, proceeds outwards and a little 
forwards, and is thrown into a glomerular convolution posterolateral to the 
acetabulum. From this convolution arises an anterior and a posterior secondary 
collecting tubule. The anterior tubule gives off four branches at intervals 
and finally divides into three terminal capillaries by the side of the oral sucker. 
Each of these branches also divides into three capillaries, so that there are 
15 capillaries in all for the anterior collecting tubule. A similar branching 
occurs in the posterior collecting tubule, the last group of capillaries lying at 
the hind end of the body. The flame cell formula is therefore 
[(34-34-34-3 + 3) +(3 + 34-3 + 3 + )] X 2=60. 
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III. Metacercaria 

PI. LI, Fig. 2; PI. LII, Figs. 8-11. 

The mature cyst is globular and has a very thick wall. The outer cyst 
^membrane of the host origin is delicate and transparent, and measures 0.35- 
0.48 mm by 0.33-0.48 mm when free from pressure. The inner cyst of the 
parasite origin measures 0.34-0.45 mm by 0.32-0.44 mm in the same condition 
and has a rigid wall which is 10-21// thick and consists gf two layers; the 
outer layer is hyaline, 5-7// thick and does not stain with neutral red or Nile 
blue sulfate, the thicker inner layer staining wuth neutral red shows very fine 
lamellar structure. The cyst fluid is aqueous and does not contain any fatty 
substance or anything alike. When the cysts are kept in an incubator, the 
excretory waste in the bladder and the epithelia of the wall studded with 
excretory granules are discharged into the cyst fluid and sooner or later 
decompose, some of them being swallowed into the intestine. The most con¬ 
spicuous features of the mature encysted metacercaria are the large median 
excretory bladder filled with highly refractive excretory granules, the twisted 
lateral intestinal ceca, and the parenchymatous pigment which gives the worm 
a pinkish cast recognizable to the naked eye. 

The excysted metacercaria is elliptical and measures ().8-J.lmm long by 
0.27 0.38 mm broad in extended whole mounts. In the living worms the leaf¬ 
like edges of the body, especially of the hindbody, turn over ventrally to assume 
a saucer-like shape. The cuticle is 3// thick and beset throughout with minute 
spines. The outer circular and inner longitudinal subcuticular muscles are 
distinct, the latter being better developed in the forebody than in the hind- 
body, 'rhe penetration glands have completely disappeared, though their 
rudiments may occasionally be found over the anterior portion of the intestine. 
The excystation glands of Ameel are no other than these degenerating penetra¬ 
tion glands. I have been unable to detect any other glands not only in the 
larvae which emerged of their own accord in the incubator, but also in those 
which were dissected out of the cyst, The subcuticular cells as well as the 
parenchymatous cells throughout the body contain pinkish pigment granules 
which can be fixed in absolute alcohol and stain with Lugols iodine solution 
or Best’s carmine. From these characters it seems certain that the pigment 
granules are combined wdth glycogen. Fatty acid is also present in small 
amount in the above mentioned cells as very fine granules staining dark blue 
wdth Nile blue sulfate. In addition, there are scattered throughout the paren¬ 
chyma numerous refractive globules varying in size from immeasurable smallness 
to several microns and staining brick red with Sudan III. They are not colored 
red or a tint between blue and red with Nile blue sulfate. 

The stylet is smaller than it was in the cercarial stage, measuring 21-28// 
in length. The oral sucker, pharynx and acetabulum are well developed and 
muscular, and measure 65-80x90-100//, 36-50x45-60// and 115-140x117- 
147// respectively. The acetabulum lies usually a little in front of the middle 
of the body; its center divides the body length in the ratio of 1 :1-1.5. The 
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prepharynx which was considerably long in the preceding stage is now very 
short or practically lacking. The esophagus is 35-60/^ long and has a cuticular 
lining and a distinct layer of circular muscle fibers. The intestinal ceca are 
usually narrow at the anterior portion but broad and voluminous for the most 
part, each describing three to four (occasionally more) spiral turns and termi¬ 
nating at the posterior extremity. Except at the very beginning lined with 
cuticle they are covered inside with a laver of epithelia and outside with a 
coat of inner circular and outer longitudinal muscle fibers. The aqueous intes¬ 
tinal content is colored dark blue with Nile blue sulfate, violet red with neutral 
red, but not with Sudan III. In immature metacercariae there are mixed 
apparently cellular elements and their debris. In mature metacercariae however 
minute acicular crystals are seen instead. 

The ganglionic mass with anterior and posterior rami lies posterolateral 
to the pharynx, with the transverse commissure dorsal to the anterior end of 
the esophagus. In contracted examples it may be f>n a level with the pharynx. 

The primordia of the reproductive organs aie well recognizable in stained 
preparations. The testes are represented by small compact masses lying sym¬ 
metrically just lateral to the excretory vesicle at about the junction of the 
middle with the posterior third of the body. The primordia of the ovarial 
complex and terminal genitalia lie just behind the acetabulum. Clusters of 
spherical vacuolate bodies as observed by Ameel in the American lung fluke 
are recognizable along the sides of the body not only in the hindbody but 
also in the forebody. They are undoubtedly the cinlage of the vitellaria. 

The excretory bladder is a large elongated saccular organ with a rounded 
anterior end and filling up almost the entire interct‘cal field between the intes¬ 
tinal bifurcation and the posterior extremity. It is provided throughout its 
length w ith longitudinal muscle fibers and lined with a hiyer of epithelia except 
at the funnel-shaped terminal portion. The latter is covered with thick cuticle 
with rough, apparently villoid surface, and surrounded by glandular accom¬ 
panying cells. It opens to the exterior on the dorsal surface close to the 
posterior extremity. In the fresh examples dissected out of the cyst the blad¬ 
der is distended with isolated excretory granules and large, oval or rounded, 
desquamated epithelia filled with excretory granules. In the worms that have 
emerged from the cyst of their own accord, however, the excretory bladder 
is reduced to a simple tube passing exactly dorsal to the acetabulum and 
tapering anteriorly, and contains more elongate, desquamated epithelia; epi¬ 
thelial villi of various lengths may be observed projecting into the lumen of 
the bladder. The primary collecting tubule leaving each side of the vesicle 
just behind the acetabulum runs outward and becomes convoluted ventral, 
medial or lateral to the intestinal limb, where it gives rise to an anterior and 
a posterior secondary collecting tubule. The anterior tubule ascends sinuously 
along the intestine toward the anterior extremity, giving off four tertiary col¬ 
lecting tubules at some intervals, and finally divides in the neck region into 
three capillaries, one of which terminates by the side of the oral sucker, the 
others terminate dorsal and ventral to the sucker respectively. The tertiary 
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collecting tubules are comparatively short and split up each into three terminal 
capillaries, the posteriormost group of the capillaries being on a level with 
the acetabulum. In the forebody therefore there are on each side five groups 
of three flame cells each. In the hindbody the posterior collecting tubule 
descends in the extracecal field, sending out four tertiary tubules, and finally 
branches into three terminal capillaries, the posteriormost flame cell lying at 
the cecal end. Though not shown differently in the figure one capillary of 
each group lies dorsally, another ventrally, and the remaining laterally. The 
flame cell formula agrees completely with that of the cercaria. 
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Explanation of Plati?» 

•folate LI. 

Mature cercaria of Paragonimus westermanii. 

Mature metaccrcaria of Paragontmtts westermanii. 

Plate LIT. 

Redia containing two mature cercariae, 35 x. Intestine of redia and 
penetration glands of cercaria stained with neutral red. 

Mature cercaria, ventral view, 140 X, 

Mature cercaria, ventral view, 140 X. Ganglionic mass and penetration 
glands stained with Nile blue sulfate. 

Mature cercaria, ventrolateral view, 140 x. Penetration glands stained 
with Nile blue sulfate. Ventral median groove of hindbody indicated. 
Mature cercaria fixed in acetic sublimate, stained with Heidenhain's 
hematoxylin and mounted in balsam, ventral view, 200 X. 

Cyst containing mature metacercaria, 75 x. ' 

Mature metacercaria liberated from cyst, ventral view, 75 X. Intestine 
stained with Nile blue sulfate. Excretory vesicle distended with excretory 
granules. 

Mature metacercaria which emerged in the incubator at 38X, stained 
with neutral red, ventral view, 75 X. 

Same, fixed in formol and stained with Sudan HI, ventral view, 75 X. 
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Abbreviations used in Figures 


A Acetabulum 

CG cystogenous cell 

DPG ducts of penetration glands 

EP excretory pore 

EV excretory v*»sicle 

FC flame ceil 

G ganglionic muss 


GP genital primordia 
1 intestine 
OS oral sucker 
P pharynx 
PG penetration gland 
ST stylet 
T testis 
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8. Disturbances Initiated from Naked Surface of Muscle Protoplasm 

By Takeo Kamada and Haruo Kinosita 

Zoological Institute, Faculty o£ Science, Tok>o Imperial University 
(With 14 Tables, 3 Text-Figures and Plates LIII-LIV) 

(Received January 11, 1943) 

The experiments given below were made mainly, unless otherwise stated, 
with single fibres isolated from biceps muscles of the frog {Rana japonied). 
The single fibres were dissected out under a binocular microscope with a 
special care not to give a slightest impairment to any part of the fibre from 
one end to the other. The isolated fibre was placed in a small gla^^s vessel 
filled with Ringer’s solution (().12M NaCI, 0.002M KCl, 0.00J3M CaCl., pH = 
7.1'^7.2 by Na-phosphate with P—Gmgm'^i) and clamped at the tendons at¬ 
tached to the ends of the fibre. Then the Ringer’s solution surrounding the 
fibre was replaced by M/12 CaCl.>, If some impairment had been given to 
the fibre, though barely visible it may be under high magnification, a local 
turbidity and a local contraction of the protoplasm occurred around the injury 
by a several minutes immersion of the muscle in M/J2 CaClo. The fibre which 
was considered non-injured by this means, was washed thoroughly with Ringer’s 
solution and then subjected to various kinds of examinations. Even in fibres, 
which appeared quite sound with regard to the microscopic appearances (i. e. 
cross-striae, protoplasmic transparency etc.), injuries could sometimes be detect¬ 
ed by this treatment. 

As a control, some attempts were made to use the fibre of the fairly 
normal appearance without the initial Ca-treatment, and it was found that the 
fibres which Were proved non-injured by a subsequent immersion in M/12 CaClo, 
gave results quite identical with those obtained with the fibres ascertained to 
be non-injured by the initial Ca-treatment. Hence it may be safely mentioned 
that an immersion of the fibre in M/12 CaCls gives practically no after-effect, 
if the fibre 4s prepared without mechanical injuries. 

The fibre in a narrow muscle chamber was clamped at the tendon at one 
end of the fibre, while the tendon at the other end w^as connected with a 
micro-isometric (sometimes a micro-auxotonic) lever of a period of 26 (some¬ 
times 18) milliseconds, by which the tension developed in the fibre could be 
registered optically on sliding photographic plates. On the other hand, a num¬ 
ber of fine granules (carmine, carbon black or carborandum) were adhered on the 
surface of the fibre so as to form a series of dark spots on the contour line 
of the fibre in the lateral view. The image of these granules, not inclusive 
of that of the contour line of the fibre, was focused sharply, through a very 
narrow slit and after an appropriate magnification, on the same photographic 
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plate, SO that both the total tension developed by the fibre and the local 
movement of the fibre protoplasm could be recorded simultaneously (cf. Plate- 
figures). The absolute value of the tension developed was known by an 
appropriate calibration performed separately with the same arrangement. 

In the case of contraction too slow to be registered conveniently by the 
sliding camera, the reaction of the fibre was recorded on cinemato-micrographic 
films (film: U. S. Panchro “Sakura’’ 16 mm, camera: Siemens Type C). In 
this case the development of tension of the fibre could be measured in terms 
of the movement of the auxotonic lever which was calibrated by a previous 
stretching of the fibre under known tension. 

During the application of test solutions to the fibre or during the recovery 
of the fibre in Ringer’s solution, the solution was made to flow constantly 
through the narrow muscle chamber from one end to the other, the over-flow 
being prevented by means of a strong suction-pipette used as the outlet dtwice 
and operated by a pump. Tests with coloured solution (neutral red) indicated 
that the muscle chamber was of a proper shape and size so as to allow a 
complete replacement of the solution surrounding the fibre in a fairly short 
time. The frequent change of the running solution from one to the other was 
practised by a suitable modification in connection with the reservoir of solution, 
which could easily be managed by a 6-way stop-cock specially deviced for this 
purpose. Since in this chamber, as is mentioned above, the solution came first 
to one end of the fibre and last to the opposite, the effect of the replaced 
solution was in no way exactly synchronous over the entire length of the fibre 
(cf. Plate-figures), although the replacement of the solution was accomplished 
rather quick. However, if, in order to make the eff('ct synchronous, the axis 
of the fibre was placed perpendicular to the direction of the stream of solution, 
the photographic registration of the granules became impossible, since the fibre 
was bent slightly in an unsettled way owing to the dashing effect of the running 
solution. From this technical reason, the solution had to be applied to the 
fibre by a stream running parallel to the axis of the fibre, so far as ihc^ 
photographic registration of the granules was required. 

Stimulation of sinf^e muscle fibre with K-ions 

There are some authors who maintain that the isolated single fibre of 
frog skeletal mu.scle shows no response to KCl, although the muscle tissue as 
a whole undergoes a rapid transient contracture on transfer to K-rich solution 
(Graham and Sichel 1939). Such a difference existing betweefn the whole 
muscle and its element is rather difficult to understand. As a matter of fact, 
at least in the present in.tterial, the single fibre, isolated free from injury, does 
show a long sustained contraction (contracture), when the surrounding Ringer’s 
solution is replaced by M/8 KCl (pH 7.2 by KHCO^) as will be seen in Plate- 
figures. Continued immersion in M/8 KCl solution abolishes the contraction 
completely within some fraction of a minute, and the fibre resumes its original 
resting length in this stimulant solution. In this state, replacement of M/8 
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KCI with M/16 K-citrate has no effect at all and the fibre is perfectly insen¬ 
sitive to electric current. However, in such a non-irritable state, the muscle 
protoplasm is still capable of reacting with contraction, if suitable substances 
(e. g. Ca-ions) are injected, by a micro-pipette, within the fibre, or if the mus¬ 
cle is put in distilled water. These results seem to have some connection 
with the findings of Ashkenaz (1938 p. 144) that the muscle fibre placed in 
isosmotic KCI, though no more sensitive to electric current, does respond to 
irradiation with mercury vapour lamp. 

On return to Ringer’s solution, the K-poisoned fibre shows no visible 
reaction, but after being allowed to stand in Ringer’s solution for a few minutes, 
the fibre restores its capacity to respond again with a contraction quite iden¬ 
tical with the previous ones when M/8 KCI is readmitted on the surface of 
the fibre. Hence, it may be stated that the effect of K-ions is perfectly 
reversible. The stimulation with K-ions and its recovery in Ringer's solution 
can he repeated without any sign of fatigue for several hours, if the prepara¬ 
tion is made perfectly free from injuries and, after each K-stimulation, the fibre 
is allowed to have enough time to complete the recovery in Ringer’s solution. 
If, however, the recovery in Ringer's solution is not complete, or if the fibre 
is injured in som(* way or other, the repeated series of contractions are by 
no means uniform ; with repetition of stimulations the height of contracture 
becom(*s reduced, the rate of contracture becomes slower and the time required 
for the commencement of contracture becomes prolonged. It must be men¬ 
tioned that, contrary to the result obtained by Gi*aluim and Sichel (1939), even 
in the K-poisoned state, an immersion in M/J2 CaCI.> gives no detectable 
effect on the fibre so long as the fibre remains uninjured. 

In freshly prepared fil>res, when M/8 KCI is applied, a train of rapid 
twitchings can often be demonstrated before the onset of the slow sustained 
contraction (PI. Llll, Fig. II). However, these initial twitchings disappear 
after a short series of K-stimulation and its recovery in Ringer’s solution. In 
fact, in preparations slightly injured or in somewhat fatigued fibres, only the 
sustained contraction is obtained from the beginning. This initial twitchings 
are not specific to the single fibre preparation, and they are also demonstrable 
in the K-contracture of the muscle tissue as a whole, if the tissue is fresh and 
free from mechanical injuries. Even in those preparations of muscle tissue, 
in which the initial twitchings are associated at first, only the usual type of 
K-contracture is established after repetitive stimulations with K-ions or after 
an artificial injury being given to the tissue. 

Tests with one and the same fibre reveals that the type of contracture 
induced by M/8 KCI is not very much different from that caused by M/16 
K-citrate, although the initial twitchings take place much more markedly with 
K-citrate than with KCI. However, the situation is somewhat different with 
Na-ions. The fibre shows a slow sustained contraction in M/16 Na-citrate but 
in M/8 NaCl (pH 7.2 by NaHCOs) a rapid series of rhythmic twitchings lasts 
for a short time. 
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Electrical stimulation and K-contracture 

Many investigators (cf. Ramsey and Street 1938) have mentioned that in 
the isolated single muscle fibres the response to electrical stimulation is not of 
the all-ormone type, and this can be confirmed also in the present material. 

In an earlier part of the present experiment electrical stimulation was 
given to the fibre through a pair of long Ag-AgCl electrodes lying parallel to 
the longitudinal axis of the fibre, with a view to stimulating the entire length 
of the fibre simultaneously by the transverse current, as Brown and Sichel 
(1936) have suggested. However, by the analysis of the movement of the 
granules adhereing on the surface of the fibre, it was revealed that, even with 
the supermaximal strength of stimulation, the contraction is not strictly syn¬ 
chronous over the entire length of the fibre; i. e,, in the fibre fixed on the 
isometric lever, the region excited earlier does shorten locally by stretching 
some other not yet excited parts of the fibre, while with^he progress of time, 
the latter shortens by pulling back the former to some extent (PI. LllI, Fig. 

I). Consequently even with a strictly isometric arrangement, in which the 

total length of the fibre is kept unaltered during the contraction, it is rather 
impossible to get a contraction which is really “isometric’' with respect to the 
elementary parts of muscle substance. It may be considered that, at lea.st in 
the present material, the excitability, and hence the reaction time, is not uni¬ 
form on the entire length of the fibre. On this account probably, in spite of 
some theoretical expectation offered by Brown and Sichel (1936), there could 
be obtained no such a definite relation that the transverse stimulation over 
the entire length of the fibre produces the maximal contraction always exceed¬ 
ing that obtained either by the longitudinal stimulation of the fibre or by the 
localized stimulation with transverse current which can be given by the com¬ 
bination of a small cathode and a large anode lying parallel to the fibre. 

However, in the present experiment, the large parallel electrodes were em¬ 
ployed, unless otherwise stated, without special reasons. 

The height of twitch evoked by a single supermaximal induction shock 
is by far smaller than the height of contracture caused by M/8 KCl (PI. LI IT, 
Figs. I and II). Even in a completely fused tetanic contraction produced by 
a supermaximal induction shocks, the height of contraction is still less than 
that caused by M/8 KCl. This is contrary to the case obtained with the muscle 
tissue as a whole, in which the height of contraction induced by a maximal 
induction shock is, as has been pointed out by some authors (cf. Gasser 1930 
p. 52), very much greater than that obtained by M/8 KCl. However, this 
discrepancy may simply be due to the situation that, in the muscle tissue as 
a whole, the multifibre summation is more or less synchronous in the case of 
electrical stimulation, while the commencement of contraction due to K-stimula- 
tion must be different for different fibres, depending largely on the distance 
of the individual fibres from the surface of the tissue at which the K-solution 
is applied, and that, in single muscle fibres, no such statistical complication 
takes place with respect to the time course of events. It may be remarked 
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that the contraction is not the same, at least quantitatively, with electrical 
stimulation as with K-stimulation, and in this sense again the response of 
muscle fibre may be said to be not of all-or-none type. 

However, with respect to the excitability of the fibre, there is a clear cor¬ 
relation betw^een electrical stimulation and K-stimulation. If a supermaximal 
induction shock is given to the muscle fibre at various stages of K-contracture, 
it is found that the response to the electric test shock becomes less with the 
advance of K-contracture and disappears during the later half of the rising 
phase of contracture. In this series of experiments the electric current was 
sent in the longitudinal direction of the fibre and the KCl solution was applied 
to the fibre as a constant stream passing in the direction opposite to the 
electric current. It is therefore conceivable that at the cathode side of 
the preparation, at which the fibre is excited by the current, the K-con- 
tracture would be established, and come to an end as well, by some time 
earlier than the rest of the fibre. This may probably be the reason w^hy the 
electric shock has lost its effect before the rising phase of K-contracture is 
over. It may be said from this, that, together with the responsiveness of the 
muscle to K-ions, the excitability for electric current is also abolished by the 
poisoning effect of K-ions. 

On return to Ringer's solution, the K-poisoned muscle shows the first sign 
of electric excitabilitv within half a minute, and then the height of contraction 
due to ('lectric stimuli increases gradually until the original responsiveness is 
restored in a few minut<'s. Prior to the restoration of the original state, there 
is seen a supernormal period, in which the electric stimulus produces a con¬ 
traction more than 150 per cent of the normal value. Tests with one and 
the same preparation indicate that, except for this supernormal phase, there 
is a good parallelism between electrical stimulation and K-stimulation in the 
time course of recovery after the K-poisoning. 

If an injured fibre is used, or if the recovery is not complete after K 
stimulation, there appears, as is mentioned above, a decay in response in 
successive stimulations with K-ions, which is accompanied also with an analogous 
decay in the response for electric stimulation. 

From these facts, it may be suggested that, although the magnitude of 
response is not the same with electric stimuli as with K-ions, yet the stimula¬ 
tion mechanism seems to involve some process common to both stimulants. 


All’or-none prindple in K-stimulation 


An attempt is made to cut off the K-stimulation at various intervals mea¬ 
sured from the beginning of stimulation. The following data are one of the 
results obtained (at 13.5**C, arrows: the sequence of measurement). 


Stimulation time in sec. 

Height of K-contacturc 
in arbitrary unit 


3 69121520 9 — 6 — 3 

1.9 9.514,0 16.9 16.8 16.9 13.9 9.2 1.8 


It will be clear from this, that, if the time of application of K-soIutions 
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be shorter than a certain limiting value (12 sec. in this case), the resulting 
contraction becomes progressively smaller in height (and also in duration) with 
reduction of the stimulation time. Thus, the amount of what is evoked in 
muscle fibre by K-ions, is considered to depend on the quantity of K-ions 
given to the muscle as stimulant, and in this sense it may be said that the 
K-contracture is not of the all-or-none nature. With muscle tissue as a whole, 
it is rather difficult to analyse such a relationship, owing to the statistical 
complications of the time required for K-ions to reach individual contractile 
elements. 

The following data may serve also as a proof for the invalidity of the 
all-or-none principle, in that the contraction height is progressively diminished 
as the applied K-solution is diluted with the isotonic CaClo solution. 


Volume ratio (M/8 Ka:M/12 CaCU) 

Height of K-<*ontractuie in relative 
value (16.0"(') 


1:0 7:1 3:1 1:1 1:3 0:1 

100 90 75 34 2 0 


K-stifnutation in injured fibres 

If, under the microscope, an artificial injury (e. g. a pinching with minute 
points of forceps) is given near one end of the muscle fibre which has been 
prepared without injury and kept quietly in Ringer’s solution, a sort of coagu- 
lum is seen to form within the sarcolemma at the site of injury and increases 
very slowly to cover the entire length of the fibre. The coagulum is deprived 
of the normal cross-striation, so that, besides its darker appearances, it is easily 
distinguished from the adjacent part of the fibre. 

The coagulum does not respond to K-ions, while the uninjured part of the 
fibre contracts, if M/8 KCl is applied within a certain limit of time after the 
injury is made. However, in the lapse of time, the contraction of the fibre 
caused by K-ions as well as by electrical shocks becomes weaker, and finally 
these agents fail to .stimulate the fibre, although all the microscopic appearances 
of the fibre (e. g. cross-striae, transparency etc.) remain still fairly normal, 
except for the region at which the coagulum has been formed. This effect 
of injury is quite the same as with the biceps muscle as a whole. 

If, in the injured fibre placed in Ringer’s solution, the time decrease of 
the responsiveness to K-ions is examined by making use of the granule method 
above described, it can be observed that the region of the fibre proximal to the 
injured end becomes non-irritable earlier, while the distal part of the fibre 
is still capable of responding to K-ions quite normally (PI. LIV, Figs. Ill and 
IV). The non-irritable region spreads with time from the injured end to the 
other, and the spreading velocity is relatively quick at first and then slowed 
down gradually. Since the fraction of the fibre excitable with K-ions becomes 
less with the advance of time, it is natural that the magnitude of K-contracture 
of the total fibre is a function of time after the injury being made. 

It may therefore be considered that a sort of ^Mnsensibilization wave” is 
started from the injured spot to be propagated along the entire length of the 
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fibre and the part of the fibre at which the wave has arrived, can respond 
neither to K-ions nor to electric shocks. As is mentioned above, the modifica¬ 
tion of the muscle structure brought about by the wave is by no means de¬ 
tectable under the highest magnification. The tension-length relation of the 
fibre (Fig. 1) reveals tliat the elastic properties of the muscle substance do not 
seem to be altered after the wave has swept over the fibre. 



Fig. 1. 'I’ension-Iongtli relation in elementary parts of muscU* fibre 

The non-injured single muscle fibre (biceps), jilacod in Ringer’s solution at 27.0’C, 
wa.s stretched under known values of tension, and the distances of carmine granuh'S 
adhering on the .surface of the fibre CA, B, (’, D, E, F, G and H in the lower diagram) 
were measured from the photographic records to construct tlie curves representing the 
tension-length relation in the.sc elementary parts of muscle fibre (circular marks in the 
upper figure). The relative length is given in term.s of the percentage of the resting 
unloaded length of each part of the fibre. 

Then an injury was given at one end of the fibre with the points of forceps. 
After it was ascertained, by occassional stimulations with M/8 KCl, that the insensihili- 
zation wave from the injury had swept over the entire length of the fibre (it look 
about 10 min. in this case), the determination of the elastic modulus was repeated as 
before with respect to the elementary parts of the fibre, the re.sult« being plotted in 
the upper figure by cross marks. In this case, on account of the formation of coagulum 
of a length (H- the part H could not be tested, and the measurement had to be 
done with the part H', instead of H. In all of these determinations, the velocity of 
stretching was rather high (about 10 per cent stretching in 1.5--2.0 sec.) and the 
length of the parts of fibre was recorded photographically during the stretching, toge¬ 
ther with the tension indicated by the micro-auxolonic lever, wdth the aid of sliding 
camera. 

It will be confirmed from this figure, that the elastic modulus is practically uniform 
over the entire length of the fibre, and also that the insensibilization \vave does not 
modify the elastic properties of muscle protoplasm. 
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An immersion of the insensibilized fibre in M/12 CaCh for a short time 
(e. g. 3 min. at 19‘*C) makes the insensibilized fraction of the fibre responsive 
to K-ions once more, though the coagulum increases markedly by this treatment. 
Thus it is considered that the effect of the wave is reversible at least partly. 

The velocity of propagation of the wave is rather slow. An injury given 
by pinching the fibre with forceps sends out the wave at a rate of about 1/15 cm 
per min. at (or of about ijAcm per min. at 24-25"C) in the proximal 

(to the injury) part of the fibre placed in Ringer’s solution. However, this is 
by far faster than the spreading of the coagulum initiated also from the injured 
site under the same condition (as to the latter, description will be given below). 
Up to a certain limit, an injury of greater area tends to send out the wave 
at a higher velocity; an injury extending to a column of fibre of about 1mm 
in length (produced by pinching with minute points of forceps) sends out the 
wave at about a rate given above, but from such a small injury as is restricted 
to one side of the fibre and barely detectable after the ("a-treatment, the wave 
is started at a very much slower rate. However, in the case of injury as 
large as to cover the ^ntire cross-section of the fibre or more, the velocity of 
the wave seems independent of the size of the injury. 

Some authors maintain that the isolated single fibres of frog skeletal 
muscle are, contrary to the case with the whole intact muscle, insensitive to 
electrical stimulation (Chambers and Hale lf)32) and to K-stimulation (Graham 
and Sichel 1939), However, in view of the above results, it may be considered 
that the preparation they used might have some injury (probably the fibre 
having been cut at the ends), from where the insensibilization wave had swept 
all over the fibre before their,tests were made. 

If a fibre, over which the wave has passed, is injected, by a micro-pipette, 
with suitable substances (e, g. Ca-solution), the protoplasm can still shorten 
apparently in the normal way. This may suggest that the wave affects the 
muscle only to abolish the establishment of some earlier parts of the excitation 
processes, leaving the contractile mechanism of the protoplasm more or less in 
the normal state. In this connection it is interesting to recall the fact that when 
a muscle is fatigued out by successive stimnlations with direct current, its original 
active condition can be restored by changing the direction of stimulating current 
and $0 the fatigue in this case (cathodal fatigue) can scarcely be taken as an 
exhaustion of the source of the contractile energy (Gulascy 1930). In the pre¬ 
sent case the actual happenings may be that the injury current of the fibre, 
established between the coagulum and the intact region, flows through the 
cell membrane of the intact region in the direction from within to without, 
so that the membrane is placed continually under the cathelectrotonic effect 
of the current and the fatigue in the sense of Gulascy (loc. cit.) may be in¬ 
duced in this region. In other words, it may be suggested that the loss of 
irritability brought about by the insensibilization wave is an electric polar 
fatigue usually observed at the cathodal membrane, since there must exist an 
injury current in the injured fibre, by which the cathodal fatigue must be 
established in the intact region. Since, to complete the cathodal fatigue, a 
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longer time would be required with a smaller injury current and the current 
would be the smaller, the longer is the distance from the injured site, it is 
natural that the part of intact region proximal to the injury becomes insen- 
sibilized earlier than the distal part. This may be why the insensibilization 
appears to begin at the injured spot to spread over the entire length of the 
fibre as if in a form of “ wave The fact that the spreading velocity of the 
wave is slow in the case of barely detectable injury, may well find its ex¬ 
planation in the weak injury current produced in such a case. 

The hypothesis presented here seems to be supported by 3 lines of evi¬ 
dence given below. 

1) The fibre placed in Ringer's solution was injured at one end with 
points of forceps and a continuous current was sent immediately in the direc¬ 
tion from the intact side to the injured end, in order to antagonize the injury 
current in most parts of the intact cell surface. The non-polarizable elec¬ 
trodes employed in this series of experiments were of the type of Ag-Ag('l 
in saturated NaCl, which were connected to the muscle chamber by agar 
bridges made up with Ringer's solution, and the current intensity (usually of 
about twice the normal rheol)asic value) was kept carefully constant throughout 
the experiment. As a control, another fibre, obtained from the same frog and 
roughly of the same natural length, was tested in the same way except for 
the passage of the electric current. It was found that without the electric cur¬ 
rent the insensibili/ation wave Wcis propagated over the entire length of the 
fibre within 6*^15 min., but with the electric current the excitability of the 
fibre to K-ions was not entirely abolished even after 40 min. Thus it is clear 
that the antagonizing current given to the intact region of the fibre can retai d 
the sprejading of the insensibilization wave. By making use of the granule 
method, it was shown that, if the current was increased suddenly during (he 
experiment, the boundary line between the intact part and the insensibilized 
area was shifted towards the injured side, thus the insensibilizefl area being 
decreased as a consequence of sudden rise in the current intensity. Kven after 
the insensibilization w^ave had swept over the entire length of the fibre, if the 
electric current was passed subsequently in the direction to make the injur^'d 
end cathodic, the fibre recovered its sensitiveness to K-ions partly again and 
this recovered region was the larger, the stronger was the current. It may 
therefore be remarked that the anelectrotonic effect given to the cell membrane 
is of such a nature as to antagonize the insensibilization not only during its 
establishment but also after its being completed. If, on the other hand, the 
current was sent in the reversed direction, the entire length of the fibre became 
insensitive to K-ions in a short time, and with the current passing in this 
direction no recovery could be induced in the once insensibilized fibre. 

2) The intact fibre, ascertained to be non-injured by the Ca-treatment, 
was subjected to a continuous electric current passing from one end of the 
fibre to the other. By applying M/8 KCl to the fibre from time to time, it 
was found that the K-contracture became progressively smaller with time, but 
this decay of response was established at a rather slow rate in comparison 
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with that observed in the case of injured fibre in which the current was sent 
from the intact to the injured end. The granule method revealed that this 
depression in contraction was due to an increase with time of the insensibilized 
area spreading from the cathodal tip, and that, if the current was strengthened 
suddenly, the insensibilized area was decreased temporarily as a consequence. 
On cutting off the current, it was shown (by subsequent occasional stimulations 
with K-ions) that, in the fibre, no recovery to the original excitability took 
place within several minutes or rather the response was diminished further 
with time, although any sign of mechanical injury could be detected nowhere 
on the fibre even with the Ca-method. This may probably be ascribed to the 
situation that, after the cessation of the electric current, the entire surface of 
the fibre may not immediately be made equi potential, so that a local current 
passing in the protoplasm in the direction opposite to that of ihv applied 
current may be established to increase lurther th(‘ insen^iibilized an*a, in spite 
of there being no mechanical injury on the fibre. Reversal of the direction 
of the applied current could not enhanc(' the once reduced responsiveness of 
the fibre to K-ions. It may be said from these facts, that the msensibilization 
of the fibre, probably of the same nature as that obstTved in the injured 
muscle, can be induced without mechanical injur>, if an electric current is led 
through the fibre from an external source. 

3) In this series of experiments, the narrow muscU' chamber above des¬ 
cribed was modified so as to be divided into three compartments arranged in 
series, each nariow end compartment being connected with the small middle 
one by a minute perforation made through the septum w^all. Pas^ng freely 
through these minute pores, the isolated non-injured single fibre was placed 
longitudinally over the entire long'th of the narrow muscle chamber, one of the 
tendons being clamped in one end compartment and thf other tendon in the 
other end compartment. In this case care was taken not to allow the fibre 
any mechanical contact with the septum walls at the pores. The solution to 
be applied was discharged continually in one of the end compartments and 
allowed to flow, through the minute pore, into the middle compartment, where 
it joined with other solution coming similarly from the other end compartment 
so as to be led into a side compartment through another minute pore and 
then pumped out by a strong suction-pipette. 

By making use of the coloration of neutral red solution, it was confirmed 
that the solution streaming through the end compartment could be replaced 
completely by a flow of another solution in a fairly short time, and that, if 
the velocity of the solution flowing through the pore between the end compart¬ 
ment and the middle one was adjusted appropriately, the solution within the 
end compartment was practically independent of the solution used in the other 
end compartment. Thus, without any aid of cementing substance like vaseline 
(which was found usually to initiate the insensibilization wave in the fibre), it 
was possible to immerse a required fraction of the fibre into a solution to 
be examined, independent of the solution applied to the surface of the other 
part of the fibre, although at the boundary (i. e., within the middle compart- 
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ment) there might occur the mixed effect, if any, of the two solutions. 

If the muscle fibre is made in contact with Ringer’s solution in one of 
the end compartments (A) and with M/8 KCl solution in the other (B), an 
electric current due to the “ salt potential ” can be induced to flow from (A) 
to (B) in the medium (cf. Hober 1905), so that the part of the fibre in (A) 
may be brought under the cathelecrotonic influence of the current. The Ringer’s 
solution in (A) was replaced by M/8 KCl from time to time to examine the 
excitablity in that part of the fibre to K-ions, and it was found that the 
part of the fibre in (A) became entirely insensitive to K-ions within 2*^4 rain, 
(at IS^'C). Hence it may be stated that an insensibilization wave, probably of 
the same nature as that observed in the injured muscle, can be established by 
the “salt current” without the aid of mechanical injuries. If the recovery 
was allowed in Ringer’s solution, the insensibilized part of the fibre in (A) as 
well as the K-poisoned part of the fibre in (B) became sensitive to K-ions 
once more, although the recovery was rather slow' and usually not com¬ 
plete owing to the too much prolonged subjection of the fibre in (B) to 
K-ions. 

In a similar sort of experiments, if M/12 MgCIj or M/12 Caf^li. be given 
at (B), it might be expected that the part of the fibre in (A) is left unchan¬ 
ged, since, according to libber (1905), the salt potential of frog muscle esta¬ 
blished between Ringer’s solution and isosmotic CaCU (or Mgf’li:) is practically 
nil (less than 1 m. v., even if it exists). However, the contraction height of 
the fibre at (A), tested by occasional stimulations with K-ions, w^as diminished 
to 60^^70 per cent of the initial untreated value in 3 min. (15-^16 0), although 
the diminishing rate became progressively slow, so thcit the contraction height 
remained at a level of about 10 per cent of the initial value for a consider¬ 
ably long time (from 15 to 60 min.). Similarly the contractibility at (B) was 
examined, with a result that it was reduced slowly for 15^20 min. and then 
remained practically constant for a fairly long time. The effects in (A) as well 
as in (B) were perfectly reversible. It may be supposed that in the present 
material the surface of the fibre in contact with Ringer’s solution is very slighty 
electro-positive (in the external circuit) with respect to the surface in contact 
with one of these solutions. 

With a view to sending the salt current in the opposite direction in a 
similar sort of experiments, M/8 NaNO.i and M/8 NaSCN were used in the 
compartment (B) (cf. Hober 1905). Thus the part of the fibre in (B) was n(»w 
considered electro-positive (in fhe external circuit) with respect to that in con¬ 
tact with Ringer’s solution in (A). In fact, it was shown that in the part of 
the fibre in (A) there took place no decay in the sensitivity to K-ions b)r itt 
least 10 min. (15-^16X’), although the decay did appear very gradiudly in the 
long run, owing probably to the final reversal of the salt potential reported 
in the case of these salts by Hober (1905). On the other hand, as would be 
expected from the cathodic effect of the salt potential, the part of the fibre 
in (B) became insensitive to K-ions in about 15 min. with NaSCN and in 
about 30 min. with NaNO^. 
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From above, it may be seen that, without any sign of mechanical injury, 
the local insensibilization of the muscle cell is possible by an electro-chemical 
disturbance in the normal equi-potential relationship existing on the cell surface. 

Coagulum formation 

Heilbrunn (1940) has pointed out that, when a muscle fibre with both 
ends cut is immersed in an isotonic CaCh, a coagulum-like mass of protoplasm 
is formed at the cut ends, which increases with time at the expense of the 
normal part of muscle protoplasm, so that the total length of the fibre is 
markedly shortened as a consequence of the coagulum formation. 

We could confirm these results by giving an injury, at a required point, 
to the non-injured fibre placed in M/12 CaCL. In this case it is considered 
that the muscle protoplasm is made to interact with the external solution at 
the naked surface to be changed into the coagulum. The boundary between 
the coagulum and the intact part does not check the free diffusion of the 
solutes like Ca-ions which are believed not to pass through the uninjured mem¬ 
brane (cf. Heilbrunn 1940 p. 89), so that the protoplasm in the adjacent region 
can not be left undisturbed and a new coagulum is formed there in a similar way. 
The cell membrane in the adjacent region is also made to be disorganized 
when the internal protoplasm in contact with it is disturbed in this manner. 
Thus the coagulum can increase, by the expense of the intact part of the fibre, 
to cover the entire length of the fibre. 

In order to see the seat of shortening of the fibre, an analysis of the 
changes in distance between granules adhering on the surface of the intact 
part of the fibre as well as on the coagulum was made with the aid of cine¬ 
matographic records taken at the time of the coagulum formation. It was 
found that the distance between granules is suddenly diminished when the 
region of the fibre between the granules is transformed into the coagulum, 
but the distance between granules both on the intact region of the fibre as 
well as both on the coagulum already formed remain constant, so long as the 
fibre is placed with the ends mechanically free in M/12 CaCl,;. It is therefore 
certain that in M/12 Caf'b the shortening of muscle protoplasm occurs only 
at the boundary between the coagulum and the intact region, and not at any 
other part of the fibre. However, with an isometric arrangement (i. e, with 
the tendon at the both ends of the fibre clamped lirmely in M/12 CaCle solu¬ 
tion), the distance between granules bn the intact part of the fibre is 
seen to increase slowly, owing to the tension developed at the point of the 
coagulum formation. That this increase in distance is purely of passive nature, 
can be shown by the fact that, if the distance of the granules on the intact 
region of the fibre is plotted against the tension artificially applied, in an 
isotonic arrangement, to the fibre during the progress of the coagulum forma¬ 
tion, the curve is quite identical with that of the corresponding tension-distance 
relation obtained by subjecting the fibre to passive stretchings in the same 
medium but just prior to the injury being given to the fibre. 



DISTURBANCES FROM NAKED SURFACE OF MUSCLE PROTOPLASM 481 


The distance between granules on the coagulum can not appreciately be 
altered by applying a similar pull at one end of the fibre, showing that the 
coagulum substance is by far less extensible in comparison with the intact 
part of the muscle fibre. 

It may be said from these, that the transformation of the muscle substance 
into the coagulum is accompanied by a reduction in the elastic resting length 
of the protoplasm in the longitudinal direction of the fibre and also by an in¬ 
crease in the modulus of elasticity of the protoplasm. Thus the coagulum 
formation may be taken as a sort of ‘"contraction^’ of the muscle protoplasm 
in the sense that the muscle protoplasm is changed into a mass of smaller 
elastic resting length and of greater elastic modulus. 

The fact that the tension-length relation in the intact part of the fibre is 
not influenced by the coagulum formation established at some other part of 
the fibre, makes it possible to measure, in an absolute unit, the tension deve¬ 
loped by the formation of the coagulum, if, in a fibre clamped at the two 
ends, the increment in the distance of granules on the intact part of the fibre 
is recorded on the cinematographic films and calibrated separately by applying 
to the same fibre various tensions of knowm values. By this method, it could 
be seen that in an isometric arrangement the tension developed is linearly pro¬ 
portional to the advance of the coagulum formation. 

The muscle protopla.sm thus changed into a round mass of coagulum seems 
io possess still some longitudinal arrangement in its molecular pattern, since it 
can be longthenend rapidly in the original longitudinal direction, if immersed 
in some .suitable solutions, say, N/10 HCl, although even by this means the 
original excitability can no more be given to the once formed coagulum. 

The advancing coagulum was preceded by a region in which a slight in¬ 
crease in diameter of the fibre occurred, as Heilbrunn (1910) has shown, but 
this seemed not to be demonstrable in solutions of mono-valent cations. On 
the other hand, it was very often observed that the advancing coagulum was 
preceded also by a region, in which droplets immiscible with the external 
aqueous solution were “excreted” on the cell surface, and this took place not 
only in CuCU solution but also in many other solutions. 

In order to see the effect of various solutions. Ringer’s solution .streaming 
over the non-injured fibre placed in the narrow muscle chamber was replaced 
by a solution to be examined, and an injury of a size enough to cover the 
full cross-section of the fibre was given at one end of the fibre after the sti¬ 
mulation effect, if any, of the replaced solution had subsided by adaptation. 
The stimulation effect was observed in some of the solutions (K-salts, Na-salts, 
sugars etc.) but not in others (CaCl*, MaClg etc.). However, even in the non¬ 
stimulant solutions, the injury was given to the fibre only after a considerable 
time of adaptation. However, in order to compare the effect of various solu¬ 
tions in one and the same fibre, the solution flowing through the muscle 
chamber had to be changed suddenly from one to the other during the pro¬ 
gress of the coagulum formatiem. In this case the sequence of the application 
of the solutions was selected in an appropriate way so as not to evoke the 
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Stimulation by the replacement of the solution. If this precausion was taken 
properly, since the process of the coagulum formation was rather slow as 
compared with the completion of the replacement of solution and moreover 
the measurement was done always after a considerable length of time of 
adaptation, the results given below seemed practically independent of the nature 
of the solution employed previously. Lines representing the “length of coa¬ 
gulum ” vs. time relation (like Fig. 2 A) were constructed from cinematographic 
records of the coagulum formation obtained under a suitable magnification, 
and from the inclination of these lines, the rate of advance of the front of 
the coagulum along the fibre was determined, as an average, with respect to 
various solutions. The rate was satisfactorily constant for a considerable 
duration and practically independent of the solution previously applied to the 
fibre, as is seen from Fig. 2 A, although the rate was usually somewhat enhan¬ 
ced when the front of coagulum came near the end of the fibre or when the 
front of coagulum came nearer to another front of coagulum advancing in the 
opposite direction. The rate seemed to be much influenced by temperature, 
but, even at the identical temperature, it was quite different for different pre¬ 
parations, as will be seen from the following data obtained with M/12 CaCb 
(pH=8.0). 


No. of Fibre 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Temp. CC) 

30.0 

29.0 

27.5 

30.5 

27.0 

30.5 

30.5 

31.0 

30.0 

Hate Cmicron s/sec) 

29 

20 

39 

30 

36 

4.3 

5.8 

3.2 

28 

No. of Fibre 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Temp. (X) 

30.0 

30.0 

30.0 

31.0 

31.0 

30.5 

30.5 

15.0 

16.0 

Hate C microns/set) 

10 

14 

8.7 

12 

8.8 

20 

19 

10 

7.3 

No. of Fibre 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Temp. C’(’) 

16.5 

13.U 

13.0 

17.0 

13.5 

12.5 

13.5 

17.0 

15.0 

Rate( micion*«/s'e(') 

13 

27 

4.2 

16 

8.1 

19 

17 

13 

14 


It follows from this, that comparison should only be made between the 
data obtained in one and the same fibre. 

Heilbrunn (1940 p. 91 and 92) has reported that Sr and Ba behave like 
Ca while Mg is effective only in relatively high concentration, and that no 
such shortening appears in the isosmotic solutions of KCl, NaCl or in Ringer’s 
solution. In our experiments, however, the shortening (coagulum formation) 
was observable in all of these .solutions, although the rate of formation was 
much dependent on the nature of solution. 


Example 1 


Solution 


Hate 

Cmicrons/sec) 


I Fibre Ai 
Fibre* A» 
Fibre A3 


M/12 CaCL M/12 SrCU M/12 BaCl« Ringer 
pH==8.0“ pH-6.8' pH-6.8" pH--7.2 

17 9.4 3.6 0.54 

19 10.0 1.2 0,31 

27 8.2 2.1 0.23 


Temp. CC) 

13.5 

12.5 
13.0 
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Example Z 


Rate Tmicrons/ser) 

[Fibre Bi 14 

{Fibre Ho 13 


M/12 SK'Io M/12 BaClo M/12 MaClo 
pH-=6.8 pH=(5.8 “ pH--7.2 

10 3.4 1.6 

5.4 3.7 1.7 


M/« KCl 
pH-7.1 

0.32 

0.26 


Temp. 

(^C) 

15.0 

17.0 


Example 3 


Solution 


M/12 CaCIo 
pIl=.-8.0 


Rate [Fibre C, 
(microns/sec") | 


14 

8.7 


M/12 Mg('Io M/24 MgClo Ringer 
pIl-7.2 “ pH-7.1 ‘ pH=7.2 

2.5 0.20 0.51 

l.K 0.20 1.5 


Temp. ("C!) 


30.0 


30.0 


Example 4 


Solution 


Rate^ miiTons/sec ' 
[Fibre D| 

I Fibre Do 


M/12 Ca<^lo 

pH- 8.0 “ 


M/8 K<n 
pH -7.1 bv 
KHCO:, ^ 


M/8 NaC3 
pH — 7.0 bv 
NaHCX).,' 


M/16 Na- 

citrate 

pH-7.7 


M/8 Na 

phosphate 

pH-7.0 


30 0.83 0.19 


1.3 0.04 


36 0.71 0.21 


1.8 0.01 


Temp, 

Ln 


27.5 

27.0 


The fact that the coagulum formation appears in the fibre placed in M/8 
K(1, indicates that the shortening mechanism rt'mains unabolished in the non- 
irrilable state of muscle poisoned with Ivions. In the following lines, data 
are given to show the effect of dilution of M/J2 (’aCIo with Ca«free Ringer’s 
solution (the results with fibre K, being represented in Fig. 2). 


Examplt' 5 


c 1 JV^ilunie ratio of iniskiie 

Solution 

1 : 0 

3 : 1 

1:1 1,3 

0 : 1 

,, ’Pemp. 

Ringt'r 

(Eilirc El 

Itate Cmicrons/.sec>j^ ^ ^ 

1.2 

3.9 

2.3 1.5 

0.2 

0 . t5 

13.0 

10.0 

10.0 

5.8 3.9 

0.18 

1.2 

15.0 

(pH =-8.0 in M/12 

VaCU 

, 7.2 

in ('a-free Ringer and 

7,2 m Ringer) 


The formation of the coagulum seems to be much retarded by an increase 
in the osmotic pres.sure of the medium, as will be setm in the following example, 
in which the measurement is done in M'I2 CaCIo made up with MH NaCl. 


Example 6 


Solution 


M/12 CaCU M/12 CaC:io.M/4 Nad Ringer 
pH-8.0' pH-8.0 pII--7.2 


Rate 

(microns/sec) 


Fibre 

F, 

28 

7.2 

, 30.0 

Fibre 

F: 

10 

1.2 

' 30.0 

Fibre 

1*3 

19 

4.9 

1.2 : 30.5 


It may be clear from the following examples, that pH is one of the mo.st 
important factors to determine the rate of the coagulum formation. This is 
true with K-ions as well as with Ca-ions. The rale falls off as pH is reduced, 
and attains a minimum at a slightly acidic pH, below which the rate increases 
markedly with further decrease in pH. 



in microns 
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Fig. 2. Rate of coagultmi furmhtion as influenred by (*a-ion concentration 

The non-injured single muscle fibre (biceps) was competed with a very light isotonic 
arrangement constructed in the muscle chamber through which Ringer’s solution was 
made to flow. The flow of Ringer's solution was suhj-tiluted by a flow of Cn-free 
Rmger, and, when the contractions evoked by this reduction c f external Cn-ions had 
subsided, an injury was giveh at one end of the fibre. Thus the coagulum was made 
to form at the injured spot and increased gradually at the ex])ense of the adjacent 
intact part of the fibre. The length of muscle prc>loplasm which was transformed into 
the coagulum, and which is denoted here as “ length of coagulum ” for convenience, 
could be known from the position of the front of the coagulum spreading from the 
injury, if carbon black granules had previously been adhered on the surface of the 
fibre as a measure of the resting length of the parts of the fibre. The advance of the 
coagulum was recorded cinematographically under the microscope, and, from the records, 
the “ length of coagulum ” vs. time relation could be determined as is shown in Fig. 
2 A. This procedure was repeated with changing the external medium from weak 
Ca- to strong Ca-solutions and then from strong Ca- to weak Ca*solutions, the sequence 
being shown at the top of Fig. 2 A by arrows connecting a chain of marks, in which 
each mark represents the measurement whose data arc given with the same marks in 
Fig. 2 A proper. 

In Fig. 2 A arc plotted 11 sets of such data with “length of coagulum" on or¬ 
dinate against time on abscissa, and straight lines are drawn to fit all the data obtained 
in one and the same external medium. These data show that the rate is practically 
constant for a fairly long time. The composition of mixture «, p and "i are known 
from Fig. 2 B. 

From the inclination of these lines, the mean rate of coagulum fprmation was 
determined and is plotted in Fig. 2 B against the volume ratio in the mixture of M/12 
CaCh and Ca-free Ringer. It will be seen that the rate is much accelerated in the 
medium rich in Ca-ions. 
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Example 7 

Solution: 

M/12 CaCL (pH by N/10 HCl) 




pH 

H.O 

6.6 

4.8 3.2 

*2.1 , 

Temp 

^C) 


fFibre 

4.3 

2.4 

5.2 52.0 

— 

30.5 


5.8 

3.7 

5.0 39.0 

78.0 ' 

30.5 


tFibre Ga 

3.2 

2.6 

3.6 40.0 


31.0 

Example 8 

Solution: 

M/« KCl (pH by M/8 KHGOO 




pH 

6.7 

7.1 

7.5 «.2 9.0 

Rniger 

' Temp 

( c 

Rate 

(Fibre H, 

0.17 

0.21 

0.29 0.'i:{ 1.1 

- 

27.5 

imi(TOns/ser > 

(Fibre Ho 

0.21 

0.30 

0.33 0.37 0.7.5 

1.8 

27.5 


It may he remarkerl here that it happened in many cases, that the rale 
is ‘iliphly but unmistakably high in a medium of K-ions as compared with 
that in Na-solutions with the same anions. One of the ('xamples is seen in 
K\am|)le 1 al>ove given. However, in view of the result given in Example 8, 
thi^ .seems to he explain(*d on the Iiasis that I he muscle protoplasm tends to 
he more alkaline in the medium of K-soIutions (Tipton I93h). 

Heiihrunn (1910) has point<‘d out that the eoagulum is formed in solutions 
of Na- or K-oxalate. The lollowing data, togeth(^r with those in Example I, 
inrlicate that th<' eoaguluin is formed in solutions containing citrate at a rate 
higher than in ('l-soliuions 


Solution 

{ FiIm’o 


Ratr 




I'lbro T. 
(Fibn* 1 


M'12 VAX 

M 8 K-phosphate 

M 10 K citKile 

M/S K(M 

Temp. 

pH 8.0 

pH 7.0 

pH 7.8 

pH 7.1 

X'; 

, 29 

0.1 

3. 1 

- 

, 30.0 

2 20 

0,2 

3.2 


1 29.0 

30 


3.8 

1.3 i 

! 30.5 


It is true that Ca-ions (and oth(*r divalent cations) are conspicioush’ efft^c- 
tive for this reaction, but the fact llijit the coagulum does form in a medium 
of citrate (or in oxalate) at a rate d<‘cidcdly higher than in (^1 (cf. Example 
1 and 9j, may suggest that the reaction is specific neither to the over-concen¬ 
tration of Ca-ions nor to the combination of Ca-ions with some intracellular 
structure. 

On the other hand, as is seen from the following data (see also Example 
I and 9), the coagulum formation becomes very slow, or practically stops, in 
the medium rich in phosphate anions. 


Example^ tO 


Solution 

Rate (microns/scc) 
(Fibre Ji 

t Fibre 


M/12 ( aCL 
pH=-«.0 


16 


8.1 


M/8 NaCl 
pH-7.0 

M/8 Na- 
phosphate 
pH -7.0 

M/16 Na 
l)hos})hate 
pH-7.1 

M/S K- , 

osphate , 

pH 7,0 1 

Temp. 

c v^ 

0.13 

0.04 

0.05 

O.UO , 

17.0 

0.12 

0.03 

0.04 

0.07 1 

13.5 
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Example 11 

/Volume ratio of mixture (M /8 
Solution m/ 16 Na-phosphate) 

« , K, 

Rate (microns/soc)-{ 

[Fibre Ko 


1:0 3:1 1:1 1:3 0:1 

0.26 0.08 0.05 0.05 0.05 

0.14 0.08 0.08 0.06 0.03 


M/12 

CaCl. 

7.3 

13 


Temp. 

CC) 

16.0 

16.5 


CpH-7.1 in M/16 Na-phosphate, 7.0 in M /8 NaCl and 8.0 in M/12 CaCls) 


It may be considered that, in the normal state, the internal protoplasm 
is prevented by the cell membrane from being mixed with the external medium, 
but when it is made to come in contact with the external solution at the naked 
surface, an ionic disturbance is expected to occur at this point. At the naked 
surface, the muscle phosphates which are believed to constitute the main anions 
within the fibre (cf. Fenn 1936), must be removed quickly (by precipitation) in 
the case of such ions like Ca, Sr or Ba, or very slowly (through diffusion) in 
the case of solutions with anions other than phosphate (e. g. Cl or citrate). In 
fact, the balance of evidences so far obtained seems rather to be in favour of 
the view that reduction in concentration of the intracellular free phosphate 
anions constitutes the initiation for the chain of events involved in the reaction 
of coagulum formation. The fact that the coagulum formation is practically 
stopped in a phosphate-rich medium irrespective of its cation nature, may be 
ascribable to the situation that, despite of noticeable disturbance in cations, 
there takes place no reduction in the concentration of free phosphate in muscle 
when the protoplasm is mixed with such a solution. As is seen from the 
following results, the coagulum formation occurs even in such a medium in 
which the active participation of the external ions is ratlnn* diflicult to consider, 
i. e., in non-electrolyte solutions, in which, however, the muscle phosphates can 
be diluted by mixing. 


Example 12 


Rato J 
(microns/sec) 


1 

M/12 CaC1o 
pH=-8.0 

M/4 (Uucose M/4 Sucrose 
pH=-6.3 pH.- 6.6 

Ringer 

pH=-7.2 

1 IVrnp. rC) 

Fibre Li 

12 

1.6 

1.6 

0.81 

31.0 

Fibre Ln 

8.8 

1.4 

1.5 

1.6 

31.0 

Fibre 

20 

1.7 

1.7 

1.2 

30.5 


It may be very interesting, if the disturbance in the intracellular phosphates 
is linked to the chain of chemical reactions (i. e. phosphagen breakdown etc) 
considered to occur during the restitution phase of muscle contraction. 

According to Francis (l937), in the K-phosphate solution (0.116 M, pH — 
7.0), the skeletal muscle of frog gives no potential difference betw^een the 
intact surface and the injured end. Therefore, it might be conceivable that 
the inhibition of the coagulum formation in M/8 K-phosphate above reported 
is related to an absence of injury current. However, this explanation seems 
rather improbable, since the coagulum is inhibited to form alsa in M/8 Na- 
phosphate, in which the injury current would probably be established as Na- 
ions differ in mobility from K-ions. 

It is also interesting to note that even in the K-poison^d fibre or in the 
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fibre over which the insensibilization w^ave has swept, the coagulum forms 
similarly at the naked surface of the protoplasm which is brought in contact 
with Ca*ions. However, if the muscle is made non-irritable by being immersed 
in hot water (c. g. 60®C), acidic solutions (e. g. N/10 HC1) or hypotonic solu¬ 
tions (e. g. distilled water), the fibre can no more form the coagulum even in 
M/12 CaClo solution. The fibre poisoned (by micro-injection) with M/16 AlCl^ 
fails also to form the coagulum by Ca-ions. 

In passing, it may be added that, so far as we had the chance to make 
the tests, the coagulum formation due to ("a-ions could be observed only in 
striated muscles [Amphibians, Teleosts, Elasmobranchs, Insects (leg muscles 
only), Crustaceans and Molluscs], but, as Meigs (1912) and Speidl (19IU>)have 
described briefly, this could not be demonstrated in smooth muscles [Amphi¬ 
bians (frog’s stomach muscle), Tunicates, ("oelenterates, Annelids, Sipunculoids, 
Molluscs and Echinoderms]. On the other hand, tbf^ K-contracture was found 
in all of these muscles (smooth as w^ell as striated). The wing muscles of many 
insects, though the cross striations were clearly seen in them, did not show 
the coagulum formation, when the cut end was treated with M 12 CaCl«. 


Micro-injection exjx^riments 

The action of various solutions on the muscle protoplasm may be studied 
most conveniently by making use of the coagulum formation above described. 
However, it is more desirable to bring the solution directly to the protoplasm, 
leaving all the other part of the fibre in the normal state as far as possible. 
For this reason, injection of solutions into the fibre was done with micro- 
pipettes having the perforated tip of 2^5 microns in external diameter. The 
technique of the micro-injection was fundamentally the same as that used in 
the case of Paramecium (Kamada 1938) and of sea-urchin eggs (Kamada 19 H). 

The solutions tested so far may be divided into three classes, according 
to tht‘ effect on the muscle protoplasm. 

I M/12 CaCl,, M/12 SrCL, M/12 BaCl,. 

II M/12 MgCl.,, M'M2 Oxalic acid, M/I Cducosc, Distilled water, M/8 
NaCl (pH = 7,0 by NaHCO,), M/8 KCI (pH-7.0 bv KHCOO. M/8 
KCl (pH-9.() by KHCO;), M/8 KHCO., M/16 Na-citrate, M/16 K- 
citrate 

III M/8 and M/16 Na-phosphate (pH=7.0), M/8 and M/16 K-phosphate 
(pH=7.0) 

These solutions were injected into the isolated muscle fibre placed quietly 
in Ringer’s solution. In most of these injection experiments, single fibres iso¬ 
lated from sartorius muscles with both ends cut were used, for convenience, 
although, with such fibres, the injection had to be made immediately after 
the preparation, otherwise the insensibilization wave from the cut ends might 
have reached the region to be tested. The time required for insensibilization 
was, however, known from separate measurements, and the injection could 
be madi^, so-to-speak, under the normal condition of the fibre. 
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The injection causes arround the tip of the micro-pipette a localized slow 
contraction (a hump-like swelling due to local shortening and thickening of the 
fibre, associated with a localized movement of protoplasm toward the tip of 
the micro-pipette). This is very obvious and more or less quick with solutions I. 
With solutions II, however, the reaction occurs very slowly and requires a 
larger amount of solution to be injected, although the contraction evoked ap¬ 
pears fundamentally (except for the velocity) similar to that induced by solu¬ 
tions I. Since, in a control experiment, an injection of paraffin oil (Merck) is 
effectless, the simple mechanical effect of injection can not be the cause of 
this reaction. The contraction brought about by M/16 K-citrate, though weak 
and slow as in the general case with solutions II, can be conducted to the 
adjacent region ; the detailed feature of this reaction will be given separately 
below^ With solutions III, no local contraction can be elicited. 

Na-phosphate, when injected, ought to give rise to a considerable cationic 
disturbance within the muscle, nevertheless no conti*action occurs as a conse¬ 
quence. This seems theoretically rather important, since it may be suggested 
from this, that the contraction of the muscle protoplasm has some relation to 
the internal anionic disturbances rather than the internal cationic disturbances. 
This constitutes an interesting contrast with the well known fact that the 
muscle is generally very sensitive to the cationic disturbances in the external 
medium and far less to the external anionic disturbances. 

It seems possible to account for these results in the same line with the 
coagulum formation. Solutions I may diminish the internal free phosphates 
rapidly by precipitation, so that the local contraction ensues with a more-or- 
less high speed. In the case of solutions II, the reduction in concentration of 
the muscle phosphate may probably be brought about by dilution of the pro¬ 
toplasm with the injected fluid, and, as a matter of fact, the reciction requires 
a larger amount of injciction in comparison with solutions I. The contraction 
due to injection of distilled water may be explained most reasonablly in this 
line. The result that injection of solution III is effectless, may readily find its 
explanation in that an addition of these solutions gives rise to no dilution of 
the muscle phosphate. In the case of solutions I in genera], the contracted 
protoplasm looks darker than in the case of solution II, owing probably to the 
dense granules of the precipitated phosphate compounds. 

If, on the other hand, the contraction induced by injection of, say, M/8 
NaCl is due to a specific action of the newly introduced Na-ions (or Cl-ions), 
an injection of some smaller amount of concentrated NaCl solution may be 
expected to be equally effective. However, an injection of 1 M NaCl is by 
no means more effective for contraction than that of M/8 NaCl or even of 
distilled water. 

The protoplasm at the injected region usually forms, in association with 
the contraction, an internal coagulum which increases after the retraction of 
the tnicro-pipette, owing probably to an inward penetration of the external 
solution (Ringer) through the pore formed by the insertion of the micro-pipette» 
However, when the micro-injection is made quite successfully (viz., wiihrpracti* 
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cally invisible mechanical injury), and the injected amount of solution does not 
exceed a certain limit, the local contraction elicited disappears spontaneously, 
i. e., the cross-striations, which have been condensed at about the injected spot, 
are soon made to scatter again, and the fibre can restore the original state 
once more so as to respond to a second injection as before. Hence the reac¬ 
tion induced by the micro-injection may be considered as fundamentally of a 
reversible nature, and the recovery is possible only if the disturbances induced 
does not exceed the repairing power of the protoplasm. The rate, and also 
the grade, of the recovery seem to depend on the degree of the protoplasmic 
disturbances; the more advanced is the disturbance, the longer time is requir¬ 
ed for the recovery and in a further advanced degree of disturbance the 
recovery may become incomplete. In view of these relations, although the 
coagulum formed in the injured fibre placed, say, in M/12 Caf^l,. is by no 
means reversible, the irreversibility may be taken as due to the profound 
modification of protoplasm induced with an infinite supply of the disturbing 
Ca-ions from without. On this basis the coagulum formation in general may 
b(‘ supposed to be also of a reversible process at least at the earlier stages 
of the reaction. 

M/16 ICcitrate differs from other solutions belonging to II in that, in the 
recovery phase of contraction induced by the injection of this solution, the 
swelling shifts to the adjacent regions in both directions. Thus two waves of 
swelling often start from the injected region to travel cdong the fibre at a very 
slow rate. The swelling is preceded by an appanmt movement of protoplasm 
from the resting region toward the region just about to swell. The conduction 
is dc*cremental; the swelling becomes smaller as the wave advance-?, and finally 
the wave fades away. I’he extent, to which the wave can l>e conducted, is 
not definite, depending on the size of the swelling at the start: the larger 
the swelling, the longer the distance of the conduction. The final disap¬ 
pearance of the conducted wave is not always simultaneous in one cross section 
of the fibre, i. e„ an advancing swelling disappears often only on one side of 
the fibre, whereas the swelling of the other lateral half survives to progress. 
When the swelling has been conducted away from the injected spot, a second 
swelling appears there to be conducted as before. The second swelling tends 
to become smaller than the first. The effect of injection of M, 16 K-citrate 
subsides usually after the injected spot sends out a few number of swellings 
in slow succession. The wave of swelling, while advancing in one direction 
often send.s out a wave in the back direction, and this seems to indicate that, 
after the passage of the swelling wave, no absolute refractory slate is left in 
the track of conduction. There is an unmistakable tendency that the propaga¬ 
tion of swelling above described is easier to occur with fibres of smaller dia¬ 
meter and in fresh preparations. 

It must be noticed that in all the micro-injection experiments the contrac¬ 
tion (and the conduction) was evoked only in the fibre injected with the solu¬ 
tion but never in the fibre which was laid, for the sake of comparison, in the 
same medium close to the fibre under investigation, so that the possibility was 



490 


T. KAMADA AND H. KINOSITA 


excluded that the solution in question might act on the fibre from without by 
being deposited, as an error of micro-injection, in the ^external medium. 

Summary 

In frog’s skeletal muscles, if the cell membrane is removed locally, two 
kinds of protoplasmic disturbances, different in speed of propagation, are ini¬ 
tiated from the naked surface of the protoplasm to spread over the entire 
length of the fibre. 

If the muscle protoplasm is made to interact with the external solution 
at the naked surface, the protoplasm is change'd into a mass which may be 
called “coagulum” from its appearance. The coagulum is of a smaller elastic 
resting length and of a larger elastic modulus as compared with thc‘ intact 
muscle protoplasm. The boundary between the coagulum and the intact pro¬ 
toplasm does not check (he free passage of the solutes, ^o that the protoplasm 
in the adjacent region can not be left undisturbed and a new coagulum is 
formed there in a similar way. The cell membrane in the adjacent region is 
made to be disorganized, if the internal protoplasm in contact with it is disturb¬ 
ed in this manner. Thus the coagulum can increase, by the expense of the 
intact part of the fibre, to cover the entire length of the fibre. Results ob¬ 
tained have led to a suggestion that the coagulum formation may b(» initiated 
by a diminution of the internal free phosphate. In fact, the coagulum forma¬ 
tion is more or less independent of the disturbance in the cationic make-up 
of the protoplasm. The direct action of ions on the naked protoplasm is ex¬ 
amined more closely with micro-injection methods. It seems that the process 
of the coagulum formation is of a reversible nature at least in the earlier 
parts of the chain of reactions, although, after the completion of the reactions, 
it is impossible to regain the original state. 

At a rate higher than that of the spreading of the coagulum, another 
“ wave ” is started from the naked surface, by which the intact part of the fibre 
is made non-irritable. This is termed the “insensibilization wave” for conve¬ 
nience. The protoplasmic modification induced by this wave is by no means 
detectable upon inspection with a microscope, and the injured fibre, over which 
the wave has swept, appears quite the same as the normal irritable fibre, 
except for the region at which the coagulum has been formed. The insen¬ 
sibilization seems to be brought about by the injury current established bet¬ 
ween the naked surface and the intact part of the fibre. In fact, the insen¬ 
sibilization wave can be retarded by antagonizing the injury current with an 
electric current led from an external source. The fibre once insensibilized can 
be made irritable again by sending an electric current in the direction opposite 
to the injury current or by immersing the fibre in an isosmotic Ca-solution. 
Thus it is considered that the insensibilization process is reversible at least 
partly. Even in the non-injured muscle, a continuous electric current, derived 
from the salt potentials of the fibre as well as from an external source, can 
induce the insensibilization in the cathodic region. The insensibilizatioh wave 
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does not abolish the contractile mechanism of muscle protoplasm, so that the 
coagulum can be formed in the region in which the insensibilization has been 
established. 

The local insensibilization of muscle fibre can fie studied by the photo¬ 
graphic registration, taken at the time of stimulation, of the movement of 
granules adhering on the surface of the fibre. For this technkiue, stimulations 
with K-ions may be used most conveniently. On this account, the response 
of non-injured single fibres to K-stimulation is described in some detail for 
the sake of comparison with that of the injured fibres. 

The pr<*sen( ivork rereues the support bv the Governmental Keseaich Fund tor Sfienre 
tiom the Department of Kduration. The authors are also grateful to Dr. 1. Okada '[SlianghaO, 
Di. G Tomita (Shanghai) and Mr. Y. Ilirata (Tokyo; for their kind help in supplyin^^ us with 
the NaSCN employ'd in the above experiments. 
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Appendix 

tIVl'LANATION Ol’ PLAfKS LIU AND LTV 

The non-injured .siiif^le muscle tibre (futeps). placed in Rinpc‘r’s solution in tlie mu'^rle 
chamber, was clamped firmly at one tendon and connected by the other tendon with a niicro- 
isometrk* lever of a period of 26 milliseconds. The beam of light reflected from a minutt‘ mirror 
attached to the isometric lever was focased on a photographic plate settled in a sliding camera. 
The light spot on the photographic plate was made to deviate from the resting position to a 
di.stance approximately proportional to the tension developed in the fibre, so that the usual type 
of registration of the mu.scle contraction was obtained on the sliding photographic plate. 'Fhe 
result is shown by the curve T in Fig. 3, or by the w'hite tracings in the Plate-figures, in which 
the horizontal axis represents the tune and the vertical axis the tension, 'i’he vertical lines in 
the Plate-figures indicate the time interval of 0.02 sec. in I and of 0.5 s€'c. in II, III and IV. 
The tension was calibrated .separately with known loads applied to the system of isometric lever, 
and the scale of tension thus determined is given on the left-hand sitle in Plato-ligures. 

On the surface of the fibre, carbon black granules were adhered so as to give a train of 
dark spots on the contour line of the fibre in the lateral view. These dark spots were focused, 
through a very narrow slit and under a suitable magnification, on the same photographic plate. 
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If no local movenient occuned in the fibre, the lori of the dark spots on the sliding photogrd)>hic 
pld»e were a set of straight lines in parallel with the base line of the tension, but if some local 
mo\ement was induced m the fibre, the parallel relationships were disturbed (cf. the hon/onlal 
parallel lines and their distoition in Plate figures). In this way both the local movement of 
the muscle fibie and the total tension develo]>ed in the fibre could be recorded 8imultaiieousl> 
The dark areas at the top and at the bottom of Plate figures represent the loci of the tendons 
attached to the ends of the fibre The stale on the right hand side of Plate figures enables u-. 
lo measure the distances between the granules in an absolute unit 

The Plate-figures are foui examples selected from a senes of records obtained in one 
and the same fibre at 13 BT, so that the registered lines ought to be followed from one rtcoid 
to lhc» other, if the records are arraiigcul, ac cot ding to the time* sequence of the registiation in 
an order shown in Fig \ in which I, II, III and IV coriespond to the Plate figures I, TI, III 
and IV respectively 


P 



In hig 3, \ represents the isometric c'ontraction of the fibre ev(>kt*d hv a singl» super 
maximal break induction shock applied with a pair of long ^g AgCl clt*i trodcs placed in parallil 
with the longitudinal axis of the fibre At the bc'ginning of contiaction, the loci of the uranults 
tends to converge towards the icgion l)ftw<*en < and d, although in thi later part of contraction 
the ^ s<«*m lo converge towaid the* region between d and e (cf also Plate figuie P, uidu itini: 
that, in spite of the fibre being stimulat<*d evenly with the trans\crst currc»nt, the response is 
not synchronous o\er the entire length of the hbre We are inclined to take this irregulaiitv in 
le^ponse as due to the difference in reaction time of the elementary parts of the fibre rat lit r 
than the non uniformity of the elostie prope»rties over the entire length of the fibre in th« e xeited 
•“tate, since, for example, a more or less identical lesult could be obtained by a local elcetrual 
stimulation of the fibre with the combination of a small cathode and u large anode H< that is 
it may, it is important to lemark that, in spite of the total length ot the hbre being kc pt isc> 
metric, some fraction of the fibre ean shorten locally by compensation of the other fraction of 
the fibre 

Subsequently to a senes of such an electncal stimulation, when the fibre had r«‘'toied 
the oiiginal excitabilitv, the Hinget's solution flowing through the muscle chamber was substitutt*d 
by KCl (pH-=7 1 by KHCO,) streaming in the direction from a to f in Fig 3 foi a short 
time (10*^15 sec ), and then the fibre was allowed to recover in running Ringer’s solution. I he 
resulting response is given in II. In this case, the initial twitchings (S) appeared separateb from 
the long sustained contraction (H) 'Ihe loci of granules indicate that, in the initial twiti hing^ S, 
a set of contractions seem to commence at various spots on the fibre with various reaction times, 
while in contraction B, the response commences at the upper end at which the K-solulion comes 
first in contact with the fibre If A is compared with B, it will be clear that the musculai con 
traction is by far strongei with K-stimulation than with electrical stimulation 

It was usually found that, so long as the fibre remained uninjured, and if the recox<*ry 
was complete after the K-poisomng, a series of practically identical resiionses could be obtained 
for hours with the repetition of K-stimulations, although the initial twitchings disappeared after 
a short series of responses. 

However, in the present case, an injury of about 0 b mm in length was given, with points 
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of forceps, at the upper (in Plate-figures) end of ihe libro about 2 minute.s after the contractlun 
li was over (P in Fig. 3 indicates (he moment at which the injure was given) The subsequent 
stimulations with the same KCl solution produced contractions which became progressively smaller 
with time (the contraction C: about 5 min. after F*, and 1): about 10 mm. alter I*), and the same 
stimulation given about 15 min, after induced no visible response in the llhie. During the 
time Trom II to III as well as from III to IV in Fig. 3, the distanee between the upper tendon 
and the grunule(a)was diminished owing to the coagulum formed at the upper en but the ten 
Sion ieveloped by the coagulnni lornialion was rather small so that the base line of U‘nsion 'Ty 
wa'. practically not modified during this time. 

The loci of granules show that in 111 the lower parts of the (ibre (d, e, t) are made to 
shoiten l)v the stimulation, while the U[>per parts of the fibre (a, b. c; whn h aie proximal to th«' 
injiirv, ean no more respond to K-ioris and are lengthened by the <‘onlraction of the lower jiaits 
of the fibre. Thus, the insensibili7atii>n of the (ibre is seen lo siiread from the injure In IW 
the msensibilization is further advanced as compared with that in III It can also he notict‘d 
that »he decay in contraction due to the injury is dearlv associated with the insensibili/alion 
In III and especially in IV\ it mav be pointecl out that, in spite of the decav of tension of tlie 
fibre, the local .shortening at the lower part of the fibre ajiiiears rather noticeably This 
]>rtib.dijv due to the situation that in the insensibiii/ed area "at the upper part of the fibie 
th» siinuilation fails to induce the local shortening and hardening of the protoplasm so that the 
shoiiemng at the lower part of the fibre can he established more or less easily by a compen-a 
torv 1« ngthemng of the still extensible upper part of the fibre. 




















Abstracts 

1. On the Physiology of Reef Corals. IV. The Growth of Goniastrea aspera 

Measured from Numerical and Areal Increase of Calyces. Siro KAWAGUTI. [Palao 
Trop. Biol. Stat. Stud., 2 (2), (1941), 309-317, 2 Text-liRs., 3 Tabs.) — Increase in the number of 
polyps in Goniastrea aspera with flattened shape wa.s examined for the period of 65 days with 
the result showing that the mean rate of increase for the colonies having more than 15 polyps 
is 0.21-, annual increase being expected to be 3.42 times of initial numbers of polyps. Numerical 
increase of calyces was checked by the growth in weight, the equation -0.31 y +0.17 
having been obtained from a study upon the massive type of the coral. A comparison of the 
surface area per polyp in 3 representative colonics was made and it was sugge.sted that deforma¬ 
tion o1 a colony might induce the increase of surface area of each calyx. j\l, Enami. 

2. On the Physiology of Reef Corals. V. Tropisms of Coral Planulae, Considered 

as a Factor of Distribution of the Reefs. Siro KAWACiUTl. [Palao Trof».*Biol. Slat. Stud., 
2 (2\ (1911), 319 323, 3 'IVxt-figs.) — Experiments were carried out to study ihe mechanism of 
dislrihufton ol the planulae of Acrhrlin hnrrescens^ Pncillnpoia flannrornis^ Srrmfopnrf: in/<trix 
an<l Kuphiiilui filnhresvcns paying s]H*daI attention to their tropislic characters. As iht result it 
was indicale<J that the positive photoxis and the n(»gative geotaxis of the planulae, bcung assisted 
by other physiological as well as inorphologi<*al properties, would play in co-opei .ition sigailicant 
role in the distrihufion of the species investigated. The intensities of light f.u the positive 
photolaxis of planulae were known to he in the order of PoHUopma Seriatopora Arrhclta'J> 
EuphifUiu. such variation being possibly associated with variation in the amounts and airange- 
memts of th<‘ zooxanthellae in the tissues of respective filanulae. The zon\antheIla<* were found 
to he mainly distributed in tlie ectoderm in Kuphyllta, whih* in the other species thev are inclu¬ 
ded in the endoderm exclusively. M. Enami. 

3. The Relation between the Foraminifera and Deposits of the Java Sea. .lapa- 

nese with English resume.) Yosine HADA, {Journ Oceanogr. Soc. Japan, 2(1), (1913), 27 2 

Text-ligs., 2 Tabs.] h^uviminifeTan fauna in the shallow area of the Ja\a Sed surrounded by 
Java. Sumatra and Horiieo was inspected us regards its hearing upon the nutntivenes.s of liepo- 
sits. Distribution of I'oranunifera was found to he significantly dependent upon the composition 
of deposits, the animals tending to increase with increase in sand\ elements to attain at maxi¬ 
mum 92^0 oi total amount of the deposit in the south eastern ar-ea of Hornet) and to d<‘cicase 
with increase in muddy elements to he reduced to 0.1% in 3 regions with clavev deposits. Ihere 
are notable differentiations of the animals m those specific to sandy deposits such as, Iii'iipha.x 
scorpiurusy Textulnriu fnlinvva„ T. f'orsii, T. cornea., Opcrctilina comptanala^ Peuentph^ perfususy 
Amphiste^ina Icssoniu Siderolites teiraedrn^ Vlannrbulina larvntfu AIvcolinelln bnsciiy etc., and in 
those adapted to muddy deposits such as, (^uintpirlorulfna lamnrckiana. birostatfiy SpuoJocuhoft 
planulatrjy Kpnnides pracciectuSy Rotoha schroetenanoy H. pulchcllay etc. T. af^fj^JutinaoSy Btfxrtic- 
rina nodosanoy Q. rehculatay Crthrolinojdes (urtUy etc. were found widelv distributed irrespective 
of the nature of deposits. Quanlitativr* distribution of the pelagic For-amimfera w'as Kiiow'ii to 
he closely associated with the character of the plankton in respective regions. M. Enami 

4. On the Metamorphosis of Hilgendorf. (.lapancsc*.) Kivomatu 

MATUrSARA. [Res. Bull. Imp. Fi.sh. last., 35 (1), (1942), 1-23, 1 PI., 10 Text-figs.]--Detaile d 
examination of a catch of LeptoccphaluSy which to all probability belongs to the young of Ptvnc 
thrissus gtssUy made a deduction possible concerning the main events occurring with the advance 
of metamorphosis in this species of fish. A note on the habitat of this fish is added. 

-M Enami. 


5. Host-Parasite Interaction in the Experimental Population of the Azuki Bean 
Weevil, Calloaobruchus ehinenttis (L.). III. The Effect of Host Density on the Growth 
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of Host and Parasite Populations. (Japanese with English resume.) Syunro UTIDA. [EcoL 
Rev., 9 (1), (1943), 40 54, 5 Text-figs., 6 Tabs.] — Assuming that the population density of Cal- 
losohruchus cMnensts may significantly influence the multiplication of the weevil itself, primarily 
determining the equilibrium state of its living densitj' under a given environmental condition, the 
author attempted to see how far the circumstance operates under co-existence of a parasitic 
insect, Neocatalaccus mamezophafius, that attacks the weevil. It was known that interaction 
ht*tweoii the density of the host and that of the parasite took place in such a manner that the 
e(iuilibrium population of the host depends rather upon its own density than upon the numbers 
of the parasite. Namely, the multiplication of the host weevil is likely to he controlled through 
the indirect influence of the parasite which affects the population density of the host. 

M. Enami. 

6. Report on the Calcareous Sponges obtained by the Zoological Institute and 

Museum of Hamburg. Part II. Senji TANITA. [Sci. Rep. Tohoku Imp. Univ , TV. (Biol.), 
17 (2), (1912), 105-135, 2 Pis., 9 Text-figs.] — Description of 19 species including f> new species 
of Calcarea collected in the neighborhood of the Strait ot Magellan by the Zoological Institute 
and Museum of Hamburg. New species reported are Lcucosolema fi'uerlandica, n. sp., Vosmae- 
rop'iis infiaia, n. sp., V. ovnta, n. sp., f^euuindra nstrtcia, n. sf)., /.». rtmiformts^ n. sp., and L 
tist'hunrtensiSi n. sp. M. Enami. 

7. Studies on Freshw'ater Bryozoa of Japan. III. Freshwater Bryozoa of Hok* 

kaido. Makoto fORIUMI. [Sci. Kep. Tohoku Imp. I'niv, TV\ (Biol.), 17 ;2), (1912), 197 205. 
9 Texst-bgs.] - - I'en species ot freshwater Bryozoa collected in Hokkaido are dealt with in this 
report M. Enami. 

8. Studies on Freshwater Bryozoa of Japan. IV. Freshwater Bryozoa of Taiwan 
(Formosa). Makoto TORIUMl, [Sci. Hep. T6hoku Imp. Univ., TV. (Biol.), 17 C2), (19d2), 207 
214, 3 Text-figs.]'—Eight species of freshwater Brvozoa obtained from Taiwan are reported. 

M. Enami 

9. On the Nectar-Cropping Activity of an Andrenid, ffalictua katoi (in IJt.), 
widely Distributed at Mt. Hakkoda. (Diurnal Rhythm of Activities in Insects and its 
Environmental Conditions. No. XL) Mutsuo KATO. [Sci. Rep. Tbhoku Imp. Univ., IV. (Biol.;, 
17 (2), (1942), 159-165, 4 3'ext-figs.J — The iK»ctar-ciopping activity of an Andr<*nid bee, Hahetus 
katou one of the visitors of the flower of Lobelia sessilifolm in the Mt. Hakk6cja, Aomori Pref., 
was studied with the intention to analyze the interrelation between the activity and the environ¬ 
mental meteorological conditions. It was concluded that the activity depends primarily upon the 
temperature factor in the daytime, though it is affected by the mistv rain and by the wind. 

M. Enami. 

10. On the Blood Corpuscles and the Blood Formation in Phoronis, (The 13th 
Report of Invertebrate Hematology.) Toshio OHUYE. [Sci. Rep. Tdhoku Imp. Univ., IV. 
(Biol.), 17 (2), (1942), 167-185, 17 Text-figs.] — Blood corpuscles of Fhortmts australis and P, ijimni 
are of following kinds, erythrocytes, hyaline amoebocytes, eosinophilic granulocytes, basophilic 
granulocytes, cells with Russell bodies, and .spindle bodies. With these a histochemical investiga¬ 
tion was carried out, in which attention was paid upon the procedures of blood formation during 
regeneration of lophophores. It was known that the normal hemopoietic manner of Phoroms is 
quite similar to that of Amphibia, which are deprived of any essential hemopoietic organs. 

M. Enami. 

11. On the Blood Corpuscles and the Hemopoiesis of a Nemertean, Lineus fua- 
coviridia, and of a Sipunculus, Dendroetoma minor, (The 14th Report of Invertebrate 
Hematology.) Toshio OHUYE. [Sci. Rep. T6boku Imp. Univ., IV. (Biol.), 17 (2), (1942), 187- 
196, 7 Text-figs.] — Histochemical study of the blood corpuscles in Lineus and Dendrostoma was 
undertaken wirh the result that the erythrocytes of the former show a good resemblance to 
those of the Holothurids and the blood corpuscles of the latter resemble closely those of 
Physcosoma, The hemopoiesis in Dendrostoma is essentially performed in the endothelium,, 
mesothelium and circulating blood, and there is no specific organ for blood formation. 

M. Enami. 
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12. Sexual Induction in a Sexually Differentiated Salamander by the Implantation 

of Testis and Hypophysis. Tohru IJCHIDA and Kin-ichiro HANAOKA. [Journ. Fac. Sci. 
Hokkaido Imp. Univ., VI. C^ool.), 8 (2), (1942), 75 83, 2 FIs., A Text-figs.] — Experiments on the 
se.xual induction in Hynohms hchenatus by means of grafting testis alone and of grafting testis 
together with pituitary gland are reported, results being brought in (•onii)jrison with tho^e already 
obtained with H. retardatus. In the course of the normal development of tlie gonad sex- 
differentiation lakes place directly in //. hchenatus as early as the larva attains <•«. K) mm 
of length, such a fact indicating a marked difference from the case in H, retardatus in which 
sex-differentiation is delayed till the stage of metamorphosis. Effect of testis grafting performed 
in the larva of //. hchenatus^ ca. 20 mm of length, is expressed as follows : 1) iniinigra'tion of 
germ cells to the medulla in the larva, 20-30 mm long; 2) acceleration of sevdifferentiation 
in the larva from the stage of ca. 30 mm long thereafter; 3' elimination of cortual gerrn cells 
(espe<*iall> in the female) in the larva from the operated stage up to the sex-differenliation; 
4) acceleration of the development of the male gonad; reduction of the o\arian cavitv and 
partial degeneration of the germ cells, etc. As the result of implantation ol both Uie testis 
and the pituitary gland in the larva at the stage of neutral gonad, thi* gonad is affi-cted so us 
to show figures analogous to those produced by high temperatures M. Ennmi. 

13. Hody-Temperature and Activity of a Moth. (Japanese.) Dyukiti SIMOIZLIMI. 

[Medicine Biology, 3 (10 , ri9J-3), 328-332, 3 Tabs]—Motor activit\ in winter of a moth, 
Otrytodes eneruleu gttenee, was observed in connexion with its dependence upon the hody-teni- 
perature and with self-controlling mechanism of the latter. Rodv temperature was slightly higher 
than environmental O'mperalure when the animal was at rest. The moth is provided wi’h a 
mefhai.ism for rise of the ho<ly-temperature which is associated with the vif>ratory motions or 
the wings, legs and abdominal parts. Of the.se tempcTafun* rise promott-d b\ vibration of th#-' 
wings was found to he of primary importance. M Enami 

14. Water-Content of the Blood in relation to Animal Growth. (Japanese.) Kaiiuo 

KUKODA. [Medicn e & Biology, 3 (7), (1943), 23f>-2'4(l, 2Text-tigs. ] — As the result ol a seres 
of iMxestigauons concerning the relationship between water-content of the Moo.l and develop¬ 
mental stages in various vertebrates a general rule is formulated. M. E: ami. 

15. On the Northern Porpoise Whale, Berardius bairdii Stejneger, in the Ai^acent 

Waters of “ Bosyu ”, i^Japanese with English resume.; Yoshio MATSLJL'KA. [Zool. Mag. 
(lolyo), 54 (1942), 458-473, 7 .Text^figs., 4 'Tabs.]— Investigations upon Hcrardius bairdit are 

recorded. M. Enumi. 

16. Uber die Peristaltik des Regenwurms. (Japamsch mit Oeutschen Resume.) Takao 

SHIM A. [Zool. Mag. (Tokyo), 54(12), (1942), 474-482, 5 Text-ahhn.] — Auffassung voa V. Holst 
tiller den Mechanismus der Bewegung beiin Regenwurine war kritisiert auf Grand emes \'ersuches 
tiber die lokomotorische Phenomene bei Eisema foetida, M. Enami. 

17. A New Scale Insect from Hainan (Homoptera). Ryoichi TAKAHASHI. [Zool. 

Mag. (Tokyo s 54 (12), (1942), 500-501, 1 Text-figs.] — Description of a new scale insect, Parate- 
cantum hainanense, n. sp., is given. M. Enami. 

18« fiber den Einflnss der {^Strahlen auf die jungen Fliigelchen der Schmetter- 
lingspuppen. (Vortiiufige MitteilnnirO Sanji KISHI, Mituo MIWA und Kazuo MORI. [Zool. 
Mag. CFokyo), 54 (12), (1942), 502-505, 1 Text-abb., 1 Taf.] — Einwirkung der fi-Strahlen emittiert 
aus der Radium-Emanation auf die jungen Fltigelchen der Puppen von Papilio xuthus, P. de- 
metrius und P. mrpecUm nipponus war beobachtet. HauptsSchliche Resultate der Bestrahlung 
waren folgende: 1) Die Faltenbildung; 2) das Fehlen der Beschuppung; 3) die Blasenbildung 
mit Inhalt von grttner Fittssigkeit; 4) wie eine Verbrennung bildeten sich an den Flttgeln hoch- 
griidige Falten; 5) die Asymmetrie, die infolge der oben erwShnten V^erSnderungen eine un- 
vollkommene Entwicklung der bestrahlten Flllgel verursachte. M. Enami. 



< 4 ) 


ZOOLOGY 


19. A New Name for the Japanese Bine Masrpie. Masauji HACHISUKA. [Zool. 

Mag. (Tokyo\ 54 (12}, (1942), 505.] — In accordance with the union of the genus Cyanopica to 
the genus Pica^ the Japanese blue magpie is to be dealt with under a new name, Pica cyanus 
onaga, nom. nov. M. Enami. 

20. On a New Species of Opiliones from the Island of Amami-Osima. Kodi 

NAKATSUDI. [Zool. Mag. (Tokyo), 54(12), (1912), 503-508, 1 Text-fig.]--Description of a 
new spc‘v“ies of Opiliones collecied in the Island of Amami-Osima, Riu-Kiu, Argyraster amamiana, 
n. sp., which constitutes a new genus, Argyraster, n. gen. M. Enami. 

21. Sur Phote dcfinitif du Plagiorchis fuji Ogata. Toji OGATA. [Zool. Mag. (Tokyo), 

54 (10;, (1942;, 427- 130, 2 Figs.]^—En cherchant Thote definitif naturel d'une espece de trema- 
tode« Plagiordi s fujt, ijui a ete ohtenue experimcntaloment d’uno sorte de metacercaire enk>stee 
dans le toelome du Stenopsyche griseipcnnis, Tauteur a oblenu quekjues specimens de J'intestin 
grelc du Rhino!oplius ferrum-oquinum nippon. qiii manifestent une identild lemarquable a I’espcce 
en queshon. M. Enami. 

22. Die Japanischen Colobognathenarten (Diplopoda). Yosioki 'FAKAKUWA. [Zool. 
Mag. (Tokyo), 54 J0\ (1912;. 424 420, 6 TeKt-afibn.]---Dio Revision dor Colobognatha-Arton biv- 
her bekannt aus Japan, mil den Bosch re ibuugen von einer neuen Gattung, Boninozoniunu n. g< n., 
bosteht aus finer Art. H. Okahei, n sp., und von <‘inoi Art, Truhozoniiim okazakii, n. sp. 

M. F)nann. 

23. On the behavior of Nest-Building Habit of CAironomus-Larva. Japanese with 

English resume.) Masahiro OIB lAKl. [Zool. Mag. (Tokyo), 54(10), (1912), 375-380, 5'Fext-figs., 
9 Tabs.]—Nost-building habit of a r/itnmomtt.v-larva wa.s observed under experimental suriound- 
ings. M. Enami. 

2^1. An Experimental Study of the Effect of Sludge Volume on the Density of 

Population of Activated Sludge Organisms. (Japanese.) Isamu HOHASAWA. [Zool. Mag. 
(Tokyo), 54 tlO), 1,1942), 387-391, 3 I’exl-figs., 4 'Dibs.]- Experiments were undertaken with the 
result that the population densitv (^Pl) of organisms chiefly prolo/oan fauna) flourishing in the 
activated sludge inversely correlates vvilh tfie sludge volume u^v) in the relation of PI —aXSv-*' 
under constant amount ijf total nutriment*,. M. Enami. 

25. Etude sur la variation A^Oeneis nonner Mcnetries de Chosen. (Japonais.f I). M. 

SEOK. [Zool. Mag. (Tokvo\ 54 (10), 395-405, 1 Fig., 6 ’Tl’abs.]V^ariations dcs caracleres 
morphologiqiies A'Oeneis nanna obtenu en rho.sen sent donnees avec ui e note sur la distribution 
de cette espece. M. Enami. 

26. Mecanisme du Blanchissement de couleur tegumentaire chez Uca dubia Stimp- 

son (Japonais.) Masasi ENAMI. [Medicine & Biology, 2 (4;, (1942), 169-172, 3 figs.] — Le 
blanchissement do couleur tegumentaire A'Ucn dubia trouve au hord d’lle de Korror, Palao, depend 
a la colaboration de fonction de la glande sinulaire, localisee a la partie distale du sylon oculaire, 
avec I’activite secretoire des organes nervcu.ses centrales, particulierement de la ganglion cere- 
brale. II a ete expeiimentalement demontre qu'une certaine principe humornle qui est responsible 
de la production d’etat cluire de Tanimal, est essentialement elaborce au sein des tissues nerveuses 
ci-dessus parlees. L’auteur. 

27. Mortal Influence of Salinity on Some Cephalopod Larvae. II. (Japanese.) 

Takaharu YAMAMOTO. [Botany & Zoology, 10 (10), (1942), 908-910, 1 Text-fig., 2 Tabs.] — 
Tolerance for salinity change in environmental medium was estimated with the larvae of Octopus 
vulgaris and Loligo bleekeri. Viability of the larvae of the formei species at the stage immedi¬ 
ately after hatching was maintained for the salinity range of 30-38% (under water temperature 
of 18.4-23.5 C), and that of the latter for the range of 30-41% (under water temperature of 
17.*1-19.8”C). A ^hoit discussion as regards the natural influence of sea water at various waters 
of Japan upon these cephalopod larvae is rendered. M. Enami. 
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28. On the Origin of Chromatophores and the Development of Color-Patterns in 
Amphibians. (Japanese.) Mamoru IIIKAWA. (Botany & Zt»ol()gy. 10 (11 j, (,1912^, 1005-1009.) 

— A review qf literature dealing with the entitled problems. • M. En«imi. 

29. On the Basophile Granules in Cortical Cytoplasm of the Ovum of Strongy- 
locentrotus pulcherrimus and their disappearance after fertilization. : Japanese., Svunzo 
TAKAGI. [Botany & Zoology, 10 (8). (1942), 719-722, 8 Text-figs.] - The spofiali/ed . vtoplasmic 
inclusions in unfertilized ovum of Strongylocenitotus ptilchrrnmuSf which ivere found b\ Moto- 
mura (19863 and were called by him as Janus-green granules, were reexamined in their sfaining 
character and their behavior after fertilization. The granules .ire apparently different from the 
mitochondria in th<‘ staining reactions for dyes, and completely disappear in fc«s than 80 minutes 
after fcr’i jzation of the ovum, whih* the mitochondria remain unchanged. The granult s may 
better be termi d as basophile granules in \ lew of their remarkable aKinitv to basic dye.s which 
is by no means restricted to Janus-green B as was the case in Motomura's observation 

M. Enami. 

80. Feeding Habit of Toxoies jaculator Pallas. J.ipanese. Nagao ASANO. [Bo¬ 

tany tVL Zoologv, 10 (8!, (1912,, 772 775, 8 Te\t-figs.]-' Ecological notes prepared at the Island 
of Korror, Palao, on the famous feeding behavior of the aicher fish. M. F.naini. 

81. On the Adaptability of the Japanese Killifish, Aplocheilns latipvs (Temminck 

& Schleger', to the Sea Water. (Japanese. Takaharu YNMAMOTO. [Hota.jv Zoology, 
10 :9;. 11942). 805-801), 4 'fVxt-figs,, 6 Tabs ]—Natural adaptation to sea watei of the .Japanese 
killdish was met with at the coast near Chnmunm, Chosen, and this fact led the author m ex¬ 
amine tin- possibility of experiment.si acclmiatuation of this fish to higher Sdliiiities. It was 
known that this fish might Ire transfeied trom fresh water to se.i waier without impuiut\, }>ro- 
\ idod the fish was treati-d wfith gradual ri&e of salmitv. M. Enami. 

32. flolgi-Apparatus in the Protozoa. Jdpam se Siro ’P.AlCAO [Botany cV: Zoology. 
10 8', (19I2\ 260 264,8 Text-figs] - A review of literatuie <1* aling with the fiolgi-a\)paratus 
ill tfie IVolozaari eelK. Af Enami. 

38. Experimental Polyspermy in Strongyloccntrotus pulcherrimus as Induced by 
the Effect of Neutral Red. (Japanese. Isao MOTOMCRA. lBotan\ Zoolog\. 10 4)\ 
oW. 2 Tovt figs.I — Polyspermy resulti’d from a treatment of unfertilized eggs of the ?,ea-urehin, 
Stronf^^iflocentrotus pulvhi'rnmus^ wuth neutral red in coneentrations ot -I 10 *, 2 ' 10 ', 1' Itt \ 
etc. M Enami. 

34. On the Development of the Hard Parts of a Viviparous Ophiuraii, Steg* 

Ophiura sculpta (Duncan), Shiro Alurakami. [Annot. Zool Japan. 20 (2'. 19II\ (>7-78, 9 

Text-figs]"- Developmental process of the haid parts of ,8Z(gnpA/f/ra stahuiulantiv <oliected 
off the st)uthern Izu Penin.sula was siudi<*d M Enaini. 

35. Functions of the Lunules of Astriclypeus as Observed in the Righting Mo- 

vement (Kchinoidea). Hayato IKEDA. [Annot. Zool. Japon.. 20 {2\ 1911'. 79 8.8, I PI., 2 
Tabs.]— Locomoti\e movements and the righting lefiex in a Scutellid, nianin. were 

obserxed with special reference to the function of the ambulacral lunule.s It was roiifirr. ed that 
the lunub s are of remarkable signific. nce tor concealing movement of th<‘ animal in the I’oitom 
sand and are of pailicular use for the righting motion. What is respor sihlo for sm h mn's of 
the lunules w'as experimentally demonstrated to he vigorous svxlngs of characteiivticallv large 
spines growing inside the lunules, which act so as to transport rapidly the 'Und gjaiu'^ ihronuh 
the holes in question. M. Enami. 

36. Preliminary Report on Chorocidaris micca gen. et sp. nov., from the Ryukyu 
Islands (Fxhinoidea, Cidaridae .. Hayato IKEDA. [.Annot. Zool. Japon.. 20 ,2.85 87. J Pi.] 

— Description of a new species, Chorocidaris mict'a^ n. sp., whi-h appears to torm a new genus. 

Specimens were collected off the Okinokami-Sima, Ryukyu Island.s. M. Enami. 
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37. Die Opiliones Mikronesiens. Seisyo SUZUKI. [Annot. Zool. Japon., 20 (2), 98-104^ 

1 Taf., 3 Text-abbn.] — Beschreibungen von 2 Arten, Paruzalmoxida solitaria und MetihaUmius 
esakii^ n. sp., aus der Insel Ponape, Karolinen'Inseln. M. Enami. 

38. Ginandromorfo de Pterin napi Linne f. dulcinea Butler. (Un cas de Gynan* 

dromorphi-mt* chez Hens napi Linne f. duhinea Butler.) D. M. SEOK. [Annot. Zool. Japon., 
20 (2;, (1941), 105, 2 Figs.) — Description d'un individu gynandrotnorphique du Hens napi f. 
dulcinea obtenu en Chosen. M. Enami. 

39. Notes on Some Chalcidoids from the Micronesian Islands with Descriptions of 

two new Eucharids. Tei ISHIl. [Annot. Zool. Japon., 20 :2), (1941,, 106 -108, 2 Text-figs.] - ■ 
Descriptions of follovving species which were collerti d in the Micronej-ian Islands; Tninoccra 
californica. Aphchnus chiysornphah^ Chalcura upeensis^ Scfmaspuha pnnapensis, n. sp., and 
palauensis, n. sp M. Enami. 

40. Biting Ceratopogonid Midges from the Caroline Islands. Masaaki TOKUNAGA. 

[Annot. Zool. Japon , 20 (2,, (1941), 109-119, 1 PI., 13 Tixt-figs.]— Following species are reported 
from the Caroline Island^. Fnrcipomyw ornata, h\ sauteriy F. fusctmanvs, Atrichnpopan 'Kempia) 
arciftm cp'i. n. sp.. A. (K.) sp , Pasyhelea insularisy D. suhscutcUata, D. carolinemis, n sj*., A 
pelilwuensis, ('ulicmdes esakii^ (\ kusaiensis, C. yasumntsui^ n. sp., yashimurai, n. sp , MonohcU^a 
insuhiTif^ n. , Stilnhezzia suhsornT^ n. sp, and ,S. longistylo* n. sp. M. Enami 

41. Studies on the Diurnal Rhythm of the Eye Pigments of the Shrimps. (Preli¬ 
minary Report.) (Japanese with English resume.) Tametake NAGANO. [Bull. Japan Soc 
Sci, Fi.sh., 11 (5-6), (1943), 163-167, 4 Text-figs.]--Diurnal rhythm in the migration of ti e retinal 
pigments distal and reflecting ones) of Leander patuddens, Paratya comprcssa aud Spiiontocani, 
alcimvde was observed under continiiou.s illumination and in total darkne'»s. Undir both situa¬ 
tions rhythmicity was preserved fairly well. Low temperatures appeared to affect the range of 
migratory movement of the pigments. Concerning the controlling mechanism ot the rhythmu'al 
phenomenon in question, importance of intermediation of the nervous activity is emphasized. 

M. Knarni. 

42. Feeding and Growth of a Japanese Abalone, Haliotis gigantea discus Reeve. 

(Japanese with English resume.) Takasi INC). [Bull. Japan. Soc. Sci. Feh , 11 (5-6, 1 1943, 
171' 174, 2 Text-figs., 2 Tabs.] — With the feeding activity Haliotis gigantea. dist'us a remarkable 
diurnal periodicity was observed, the mollusc being a nocturnal feeder. The animal feeds well 
during the winter and the spring, hut the feeding activity declines as the breeding season (from 
October to November) approaches. Upon the increase or decrease in the amount of food-con¬ 
sumption depends the growth of body-dimensions. M. Enami. 

43. Notes on Frogs of Palao with interesting Habits. (Japanese.) Kenji ATODA. 

[Kagaku-Nanyo, 5 (2), (1943), 184-^ 193, 3 Pis, 3 Text-figs.] — A preliminary report On the mor¬ 
phology, embryolog>’ and ecology of two dimensionally different kinds of frogs widely distributed 
over the Palao Islands. Both of these frogs (taxonomical study is left untouched) show a much 
interesting course of development, in which the ordinarv aquatic state of tadpoles is completely 
lacking and a characteristic morphogenesis takes place entirely in the egg which is laid among 
herbs on the ground, not in water. According to external observhtions the gill clefts are not 
formed during su<;h intra-oval development which is deduced to range over ca. 3 weeks, the larval 
respiration being dependent upon the remarkably sw’ollen abdominal skin highly vascularized; 
nutrition is supposed to be supplied from the large mass of egg yolk. M. Enami. 

44. A Glossary of Local Names of Molluscs in Palao. (Introductory Note in Japa¬ 

nese.) Seiji WADA. [Kagaku-Nanyo, 5 (2), (1943), 225-235.] — A collection of 99 existing local 
names of economically important Molluscs in the Palao lilands. Special attention is paid to 
pronunciation of the natives. M. Enami, 


45. On the Luminoiia (hrgan of AnamaUps kastendran. (Japanese.) Yata HANEDA. 
[Kagaku-Nanyo^ 5 (2), (1943), 245-252, 7 Text-figs.] — A chance collection at Manokwari, New 
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Cuineaf of specimens of Antmalnps katoptrnn^ the famous luminous hsh in the Banda Sea; enabled 
the author to investigate the structure and the nature of luminescence of its characteristie 
infraorbital movable luminous organ. Bacteriological study led the author to an opinion that, 
contrary to Harvey’s and also now prevailing view, the luminescence does not d<‘pend upon 
any symbiotic bacteria but upon the animal’s own activity. A short criticism of the nature of 
luminescence in fishes in general is added. M. Enami 

46. Flower of Fatsia Japonica and Insects, with special Reference to the Impor¬ 
tance of Solar Radiant Heat for Insects’ Activity. (Japanese.) Mutuo KATO. [F.col. 
Rev., 7 (2 , (1941), 111-117, 4 Text-figs.]—Motor activity of Eristalomyia tenax and Calliphora 
lata, which visit the flower of Fatsia japanica from middle November to middle December in 
Sendai, was observed with respect to its dependence upon the environmental factors. Basal 
reaction of the insects’ activity was concluded (o be that of the temperature. Owing to rather 
insignificant co-operation of the atmospheric temperature during the period of observation, the 
I ffect of the solar radiant heat appeared to be of predominant importance. M. Enami. 

47. On the Ink-Sac of a Gadid Fish, Antimora microlepis Bean. (Japan(>se.) 

Kivomatu MATUHAKA and Nagao ASANO. [Journ. Oceanogr. Soc. Japan, 2(2', (194^i), 11 15, 
M Texf-figs.]‘—Macroscopical observation of the large intra-muscular ink-sacs, so-called according 
to their activity of produ tion and discharge of a sepia-colored fluid, which have respective 
openings in lateral-line scales in Antimara microlepis, a deep-sea Gadid fish. 1'he authors sug¬ 
gest that biologicallv this ink-producing activity of the fish may have certain protective rn(‘aning, 
the body-surface of the fish being smeared always with the ink. Emergency discliarge of the 
ink cannot be conceivable. M Enami. 

48. Some Informations concerningr the Anadromy of Plecoglossus altivelis, (Japan¬ 

ese.) Morisaburo TAU'IT. [Journ. Oceanogr. Soc. Japan, 2 ;1), (1942), 27 28, 1 Texf-fig.] — In 
analyzing statistical data from various sources, effects of the hydrographical as well as the hiolo- 

gicdl factors upon the anadromy of Pietoglossus altivehs along the coast of Japan Prop<*r was 

formulated. M. Enami. 

49. Variations in Colors and Patterns in some Holothurians. f Japanese. Tosihiko 

Y VMANOUTI. [Kagaku-Nanyo, 5 (1^, (1942), 74-78, 8 Text-figs.] - - Five species of Uolni/wna 
obtained along the Falao Islands were dealt with as regards the coloration and its c‘fological 
hearing. Each species exhibits more or less marked chromatic variation indii iduuily, though 
somewhat clear hilateraiity is detectable in the arrangement of the pattern. Abundance in 
chroinaiic expression is deduced to be based on highly active metabolism in thest- animals, and 
the chromatic hilateraiity appears to be of significance in relation to the characteristic hilateraiity 
of organization of Holothurians. M. Enami. 

50. Land-Snails collected from the Truk Islands. (Japam^se.) Kenji ATODA. [K c 
gaku-Nanyo, 5 (1), (1942), 128-136, 15 'l ext-figs.]—From 15 islands of the Truk Group \isited 
by the author in 1940, 16 species (including several undetermined ones) of the land-snails were 
collected. Notes of ecological interest concerning respective species are added. M. Enami 

51. Induction of Spawning of the Scallop, Pecten (patinopecten) yessoensis Jay. 
(Japanese with English resume.) Toraitiro KTNOSITA, Sangoro SIBUYA and Ziro SIMIZU 
[Bull. Japan. Soc. Sci. Fish., 11 (5-6), (1943), 168-170, 1 Text-fig.] — Active spawning was induced 
in Pecteii iPatino-') yessoensis as the result of sudden and simultaneous rise ot the temperature 
and alkalinity of environmental sea water. Change in t ither of these factors was ineffective. 

M, Enami 

52. On the Gonad of the Bonito, Euthynnus pelamys, caught near the Palao 

Islands. (Japanese.) Kizo MATUI. [Kagaku-Nanyo, 5(1), (194?), 117-122, 4 Text figs.] — 
Gonads of 135 individuals of the bonito captured during the period from middle October to early 
December, 1941, in the Palao waters were examined. Most of them were at t onsider.ibly 
advanced state of maturity, but no significant difference was detected in the degree of develop¬ 
ment between the g<uiads of the fish in December and those in October, suggesting that the 
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Palao waters may not be inhabited all the year round by the fish but rather be frequented by 
the* fish with the gonad^ at similar developmental states. M. Enami. 


53. Foramitiifera from Adjacent Waters of Palao Islands. (Japanese.) Vosine 
HADA. [Kagaku-Nanyo, 5 (2), (1943), 194-214, 33 Text-figs,] — There are reported in this paper 
41 species including 3 new species, exact identification of which being retained for subsequent 
publication, belonging to the arenaceous Foraminiiera collected from the bottom at several loca¬ 
lities near the Palao Islands. M. Enami. 


54. Results of the Collection of Fishes from the Japan Sea on Board the „ Soyo* 
maru **. (Japanese with English resume.) Yasuo SUYElilRO. [Journ. Imp. Fish. Exp. Stat., 
12, (1942), 41-54, 2 Texi-figs., 6 Tabs.] — In the course of the 3rd simultaneous hydrographical 
investigations in the Japan Sea conducted from May to June, 1941, an extended exploration of 
fish-feiuna was realized at various localities over the Sea. As the result, it was found that there 
are abundant distribution of the sauries (Cololabis saird) and the Alaska pollacks (JTheraffra 
chalcograrnma) over somewhat extended area of the.,Sea, the former being especially abundant 
in the region influenced by the warn Tusima Current and the latter in the region affected b> 
the cold Rimun Current. M. Enami. 

' ,55. Measurement on the Bodily Density, Body-Temperature and SwimminiT Velo¬ 
city for “ Katuo Euthynnm vagans (Lesson). Nohuo WATANABE. [Bull. Japan. Soc. 
Sci. Fish, 11 (4), (1942), 146-148, 1 Text-fig., 3 Tabs] — From the observations made in the 
north-eastern district of Japanese waters it was noted that Kuthynnus vagans has the liodilv 
density of 1.026-1.038 g/cm", and that the body-temperature ranging from 27.6'’C up to 28.8‘C 
was higher than the occasional surface temperature of the fishing ground by 2.1-3.4®C. Body- 
teinperatur*' showed a tendency to increase with increase in the body weight. Swimming velocity 
of the fish estimated during the standstill of the vessel averaged ca. 7.7 m/sec, or, wh- n oliserved 
sailing vessel, averaged ca. 6.4 m/soc. M. Enam.. 


56. Studies on the Hibernation of the Japanese Dormouse, Glirulus Japonicus 
(Schinz). III. Temperature as a Factor for the Hibernation. (Japanese.) Jyukiii STM()-‘ 
IZUMI. [Botanv & Zoology, 11 (2), (1943), 125-130, 3 Text-figs., 6 Tabs.] —With the view to 
examine the po.ssible correlation between^the temperature factor in the environment and initia¬ 
tion of the hibernation in the Japanese dormouse, the author planned 4 sene.s of experiments 
in which feeding together with motor activities of the animal were resorted to as indicators of 
the phenqmenon in question. Animals maintained under experimental temperatures exhibited 
increasing tendency of hibernating posture as the environmental temperature lowered beyond 
16®C. Under the temperature of 12®C and of far lowered grades the phenomenon took place 
rather decidedly. Such responses were proved to occur regardless of seasons of the year. When 
transferred in summer to low-temperature locality in the natural environment (ca. 3000 m above 
the sea-level of Mt. Fuji) where the atmospheric temperature ivas 10.5-15.1''C (average 12,8''’C), 
the animal that had exhibited no sign of the hibernation in low land (ca. 800 m above the 
sea-level) under the atmosphere temperature of 19.6-24.8'C (average 21.5”C), fell into the hiber¬ 
nating state, showing the characteristic sequence of the body-temperature. M. Enami. 

57.. Daily Periodicity in the Motor Activity of three Actinians. (Japanese.) Syuitl 
MORI. [Zool. Mag. (Tokyo;, 55 (1), (1943), 1-7, 1 PI., 4 Text-figs.] — Diurnal rhythm in the 
motor activity of three Actinians, ChondracUs sp., DofUtnia armata and Cerianthus misaktensist 
was observed with special consideration of the environmental conditions. Light was found to 
be the predominant controlling factor for the phenomenon, the rhythmicity in these animals 
being likely to be the exogenous one. Symbiosis of the Zooxanthellae with the actinians has 
significant bearing upon the activity of the latter in such manner that Ckondractia associated 
with the Zooxanthellae displays the diurnal activity, while Dofleinia and CertarUhus, both of 
which lack the Zooxanthellae, are the nocturnal animals. M. Enami. 

58. Role of the Prothoradc Gland in Differentiation of the Imaffinal Charaeterii 
in the Silkworm Pupa, Soichi FUKUDA. [Annot. Zool. Japon., 20 (1), (1941), 9-13, 3 Text- 
figs., 2 Tabs.] ^ Humoral control of development of the imaginal characters in the silkworm 
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pupa was d< monstrated The possible source of the endoc rine substance responsiblt for the final 
metamorphosis of the worm was deduced to be the prothoracic gland M Enami 

59. The Retained Sea Water in the Bottom Mud of Brackish W aters and its 

Influence on the Bottom Inhabitants. (Japanese j F ASAHINA [hcol Rev , 8 ^4). (1942^, 
221 212, 3 Text figs, 5 Tabs] — Hydrogiaphical observations were mad< upon iht properties of 
the St a water retained in the bottom mud in 4 brackish lakes m Hokkaido and om in tht 
Simusvu. one of the North Kurile Islands, and the ecologuai healing of the r(suits upon tin 
en\ironinent inhabited hv various kinds of bottom fauna was discussed M Fnimi 

60. Change in the Tolerance against Pressure of the Egg of Oncorhynchus kit a 
Walbaum at the lime of Hatching (Japanese Rinzo I AN AKA [/ool Mag Clolvo'i 

(1 , ^19n , 1% 2(1, i Text figs, 5 I d)s I— Assuming that the tolf lanrt of the < gg of thi salmon 
()mntbymhu\ keta^ agaii st pressure might parallel to the thickness of the egg meml lane the 
author attempted to elucidate tie time lelations of 1iijuff\ing pioctss of the intern il e^,g mem 
brain at the lime of hatehiig Marked fall of the toleianec igainst pn*'suie was recorded 11 
hours prior to hitehing although no ch inge. in the toliianee was ohseivifle at the tirre H 
hours before hutching Heree the initiation of lie]ue fae tion of the interrnl egg memhiart. w is 
thoukht to be approvimiteh 12 hoins be foie, halehing Ofcreasi m the tele rime against pr< ^ 
SUM w IS cspeeiali> acre lei ate d fiom the time d hours lieiore hatching on \1 rnimi 

61. Kine neue Kocherfliege, Trtainodes esakii, von den Palau-lnseln. M itsm ae 

JSlDA [Annot /ool Japon 29 2 1911) 1^1 122, 2 lextahlin) Hesthreibung \<n mitr 
lie lie n Vit gtsimmell an den PdiuInscJn M 1 n irni 

62 Formation of Lateral Regenerate in Bramhmra sowitbyt \< no N \KAVU K V 
[Annol /ool lapon 20 (2 (19U , 9i 97, A 1 ext figs i labs]— LxpeniieitHl pr duet ion of 

late 111 regenerates m a braneliiatc OligoehaeU Brnmluuui soutrlyi is lepoited li s •^lieewn 
that a late:I d he id is induecd as the result of incisions made on the ventral side ol the be>d\ 
at levels higher than the J ^fh segment, and a lateral tail appears fioni the opeiation n a it it 
levels lower than the l^th segment Parillelism between the funltv ul formation of tie 1 ite il 
regenerates and the differential susefptibilitv gridients is ohviou M I nami 

63. Partial Doubling of an Annelid, Marphysa sanguima Montagu Naiau 

AOSll (Annot /ool Tapon,20(2), 0911), 89 92, 7 lext ligs ) Mort»holo-.Kal studv with a 
east of inesodidvmus in Marphy*^n sanpmnia is rtported M Ln-imi 

64. A New Marine CTliate Cirrhogaster monilifir n g n. sp \ O/AKl and K 

\A(ilU (Annot /ool Japon, 21 2 (1912, 79-hl 1 lextlig) Description ot i new species 
which forms a new genus of C ilnta The animalcuk was obtained from the eoasl ol the ^eto 
Inland Sea M I n imi 

65. Note on Cyproniscus ovalis n. sp., a New Cryptoniscan Parasite v.Epicaridea, 
Isopoda) found on Cypridina hilgendorH. S M Shiino [Annot 7ool Japon , 21 2 , (1942) 
82-89,4 1 ext figs, I labs]- Morphological studv on a paiasitie Isopoda Itiund in the shell 
cavitv ot Cypiidina occurring in the neighboihood oi the Misaki Marine Hiologital Station Ihe 
parasite was considered to constitute a new eatcgoiv in the genus Cyproniscus M hnami 

66. A New Commensal Shrimp, Spongicola Japomcay n. sp. Ituo MBO [Annot 

Zool Japon, 21 (2), (1942), 90 94, 2 Uxtfigs] — A new species of shrimp was bund commensal 
with a deep sea sponge, Euplec Ulla marithxiln f 

67. On the Pupal Diapause of Sturmia sericaricre tDiptera, lachimdae;, 1. /vuiti 
KUWANA [Annot Zool Japon, 21 (2), (1942), 95 101, i Tabs] - Observations on the peiiod 
of diapause of a tachinid flv, Sturmia smcnncie, which severeh attacks Bombyx mortn were made 
under natural as well as cxperiniental conditions Ihe emergence of the adult is induced b> 
prolonged effect of low temperatures, the pupal diapause being bioken thiough the c'fttct of 
5‘-JL2'’C for longer than 2 months. Such dependence of completion of the pupal diapause upon 
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the effect of low temperatures may account for the fact that damage of the silkworm cocoon by 
this fly is not serious in the southern Japan. M. Enami. 

68. Two New Genera and Species of Aleyrodidae from Thailand and French Indo¬ 
china (Homoptera;. Ryoichi TAKAHASHl. [Annot. Zool. Japon., 21 (2), (1942), 102-105, 2 
Text-figs.]—-Following two new genera each comprising one new species are reported: DiaUu- 
rotrachelits camhndiensis, n. gen. n. sp., and Heteraleffrodes bambtutae^ n. gen. n. sp. 

M. Enami. 

69. Notes on the Japanese Fishes of the Genus Bpinephelua, Shigeo MASUDA. 

[Annot. Zool. Japon., 21 (2), (1942), 106-123, 1 PI., 4 Text-figs.] — Fourteen species and 28 forms 
of the genus Epinephelus were dealt with special considerations on their relationship and varia¬ 
bility from the view-point of cranial osteology. M. Eoami. 

70. Behavior of Ovarian Grafts in Hypophysectomized Male Rats with Gona- 

dectomized Parabionts. Evidence for Secretion of Luteinizing Hormone by Male An¬ 
terior Hypopbs^is. Kiyoshi TAKEWAKl and Yasumasa YAMAO. [Annot. Zoo. Japon., 21 
(1), (1942), 1-11. P].] — Tn the ovaries subcutaneously implanted in a male rat that had been 
hypophysectomized or castrated and united in parabiosis with a gonadectomized male or female 
partner the formation of lutein tissue was decidedly indicated. This fact led the authors to an 
assumption that the luteinizing hormone might be liberated from the anterior pituitary gland of 
gonadectomized rats of either sex. Susceptibility of male and female rats with castrated para¬ 
bionts for the follicle-stimulating and the luteinizing hormone^ of the anterior pituitary is discus¬ 
sed. M. Fnami. 

71. Secretion of Luteinizing Hormone by Male Hypophysis. Kiyoshi TAKKWAKI. 

[Annot. Zool, Japon., 21 (1), U942), 13-23, 1 PL] — It was observed that lutcihization took place 
in ovaries grafted in the ear, at the base of the ear, or in the frontal region, suggesting th(» 
secretion of luteinizing hormone by the male anterior pituitary gland. Experiments of trans¬ 
plantation of ovaries at different sites of different body temperatures show that temp(*rature 
factor does not seriously affect the luteinizaiion. Influence of the uterus ti*an.sp1 anted in a male 
mouse upon co-existing ovarian graft is neglected. M. Enami. 

72. The Nervous System in some Coelenterate T 3 ri>es. 2. Ephyra and Scyphula. 

Taku KOMAl. [Annot. Zool. Japon., 21 (1), (1942', 25-29, i Text-figs.] — Nervous organizations 
in the Ephyra of Ihctyhmetra pacifica and Pelafsia panopyra and the Scyphula of Aurelia aurtta 
were analyzed by means of vital staining, M. Enami. 

73. On two New Species of Decapods, Macrurs. huo KUHO. [Annot. Zool. Japon., 

21 (1), (1912^, 30-38, 5 Text-figs.] — Descriptions of 2 new species, Rhynchocinetes untai, n. sp., 
and Stylodaciylus multidentatuSi n. sp. M. Enami. 

74. Zur Kenntnis der Japanischen Diplopoden. Yosioki TAKAKUWA. [Annot. Zool. 
Japon., 21 (1), (1942), 39-47, 16 lext-abbn.] — Eine S^mmlung von neu-gefundeten Arten uus 
Japan. Beschreibungen fiber den folgenden Arten sind gegeben: Japmaria terminalis^ n. sp., 
J. erythrosoma^ n. sp.« J. oftemat, J. acutidens, J, spiraligera, laminata^ J, kuhtgatxi, J. armigera^ 
Ezodesmus lunatus, n. gen. n, sp., Levizonus circularise n. sp., Haplogonosoma siloestre, n. sp., //. 
5. dichoiomume n. subsp., Skleroprotapus latiroxalis, n. sp., und 5, monfantu, n. sp. 

M. Enami. 

75. The Fishes of the Genus Frawda found in the waters of the Rin-Kitt Islands. 

Hyozi AOYAGI. [Annot. Zool. Japon., 21 (1), (1942), 48-53, 1 Fl.] — Descriptions of 2 species, 
Framui syuamipinnis and F. thetrospilos, both of which were studied on fresh samples obtained 
near the Okinawa-Honto. M. Enami. 

76. A Record of Anonutlopa katop^ron (Bleeker) from Japan. Tokiharu ABE. [An- 

not. Zool. Japon., 21 (1), (1^), 55- 57, 1 Text-fig.] — The famous luminous fish that has been 
known from tropical seas was caught near Kominato, Tiba Pref. External characters of the 
eecured specimen are recorded. Enami. 
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77. The Reversible Asymmetry in the Opercula of HydroideB ezoensis. I. Obser¬ 

vations on the Intact Opercula. Atsuhiko ICHIKAWA and Narihiko TAKAGAKI. [Journ. 
Fac. Sci. Hokkaido Imp. Univ., VI. (Zool.), 8 (1^ (1942), 1-8, 1 Toxt-fig., 3 Tabs.]—Examination 
of a number of specimens of a Serpulid, Ilydroide^t ezoensis, with regards to relative positn*ns 
of the functional operculum resulted in a view that a process is operating in this worm in nat*ire 
so as to reverse the morphological as well as functional as^wmetry in the opercula. Tteversal 
in the arrangement of o|)ercula was observed under the lahorator> condition too. The pheno¬ 
menon seems to take place in the fall of the year. M. Enami. 

78. On the Nature of Cytoplasmic Constituents in Amoeba diploidea Examined 

by means of Staining and Chemical Reactions. Sir6 TAKAO. LJ«urn. Fac. Sci. Hokkaido 
Imp IJniv., V^I. (Zool.), 8 (1), (191*2). 9 30, 1 PL, 4 Text-figs., 3 Tabs.] — There are reported va¬ 
rious histochemical investigations upon the cytoplasmic constituents of Amoeba diploidea obtained 
from the faeces of the rabbit. M. Enami. 

79. Studies on the Murine C/hromosomes. II. Morphological Comparison of the 

Chromosomes between the Wild Form and the Domesticated Variety of Rattus nor- 
vegicuB Berkenhout. Sajiro MAKING. [Journ. Far. Sci. Hokkaido Imp. Univ., VI. (Zool.;, 
8 '1 , (1942\ 31-43, 30 Text-figs, 1 Tali.] — Morphological analysis of the chromosomes of the 
wild lorm of Rattus norveyteus and of the domesticated albino rat was undr^rtaken with the \iew 
to gum accurate inform-itions concerning the extent of morphological similarity among the scor- 
responding elements of chromosomes in re.spective kinds of rats. As th(‘ result of a serie of 
detailed examinations it was found that there is no visible difference in the chromo'-omal ele¬ 
ments between these kinds of rats, remarkable identity existing not only in the chrome»some 
number but also in the exteinal fejatures of individual elements. M. F)nami. 

80. The Rats and Mice of Formosa, Illustrated. Hunichiro AOKl and Kyo TAN.AKA. 

[Mem. Fac. Sci. Agr. Taihoku Imp. Univ, 23 (4), (1941), 121-191, 13 Pis., 2(> Text-figs.) — A 
monograph dealing with 13 species of Muridae hitherto determined from Forme sa. Description 
of eat'h .specie.^ is accompanied h> a beautiful color plate showing the habitat ami character stic 
Vu‘havior of respective nnimnl. M. Enami. 

81. llemerythrin found in the Blood of Lingula. Siro KAWAGUTl. [Mem. Fac. Sti 
Aig Taihoku Imp. Univ., 23 (3), (1941), 95-98.] — It was found that red blood cells of Lingula 
un/ums L. contain hemerythrin which is easily reduced to a colorless form, regaining reddish- 
purple color by oxygenation. The nedox potential of half-reduced hemerythrin of Lingula is 
Eo--0.16(i volt at pH 8.8, 21*C. This pigment is closely allied to hemer>thrin found in Stpurh 
cu/ms and Phascolosfmia in its chemical reactions as well as general features of the .spectrograms. 

M. Enami. 

82. Electrolytes in Paramecium. Yasukazu AKITA. [Mem. Fac. Sei. Agi. Taihoku 

Imp. Univ., 23 (3)t (1941), 99-119, 3 Text-figs., 4 Tabs.]—Investigations were made upon the 
behavior of principal inorganic elements (Na, K, Ca and Cl) through the cell membrane of 
Paramecium caudatum with the conclusion that the cell membrane of this animalcule is perme¬ 
able to cations but not to anions. M. Enami. 

83. Ecology of the Vaginula, Meisenheimeria alte Ferussac, with some experi¬ 

ments on dessication. Echio ISHIGURO. (With a Memorial Note by K. Hirasaka.) [Mem* 
Fac. Sci. Agr. Taihoku Imp. Univ., 23 (5), (1942), 181-210, 10 Text-figs., 6 Tabs.] —The Vaginula, 
Meistnheimeria alte^ which is found in gardens and garbage bins at Taihoku was studied from 
the ecological point of view. Its biology is elucidated in many respects, viz. breeding, growth, 
locomotion, diurnal rhythm of activity, reaction and homing habit, feeding habit, resistance to 
dessication, etc. M. Enami. 

- y 

84. On an Asymmetrically Colored American Lobster. Naohide YATSU. [Annot. 

ZooL Japon., 20 (1), (1941), 1-3, 1 Text-fig.] — A ferosle specimen of the American lobster show¬ 
ing a remaikable particoloration in the eephalothorax is described with remarks to other cases 
of asymmetrical coloration hitherto reported in lobsters and a crayfish. M. Enami. 
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85. Effect of Gonadectomy and Hypophyaectomy on the Kidney and Genital Tract 

of a Snake, Natrix tiffrina tigrina, Kiyoshi TAKEWAKI and Kozi HATTA. [Annot. Zool, 
Japon, ?0 (1), (1941), 4-8, 9 Text-figs.] — Modifications elicited in histological features of the 
kidney and genital tract were examined as the effect of gonadectomy and hypophysectomy ex¬ 
ecuted upon Natrix tigrina tigrina, M. Enami. 

86. A Preliminary Note on the Glochidia of Japanese Freshwater Muapels. Sama- 

kiti INABA. [Annot. Zool. Japon., 20 (1), (1941), 14-23, 2 Pis., 6 Text-figs.] — Glochidia of 22 
speci«=‘s of the Unionid mussels of Japan are dealt with. They are classified into 2 well-marked 
morphological types, viz. Anodonta type and Lampstilis type. A key for identification of the 
Glochidia is given. M. Enami. 

87. A New Primitive Hypof richoiis Ciliate, Kiitricha marina, n. g, n. gp. Kane- 

fumi NOZAWA. [Ani ot. Zool. Japon., 20 (1), (1941), 24- 26, 3 Text-figs.]—Note on a ciliate 

obtained from a sea-weed infusion is given, 'line animak'ule is provided with some primitive 
charecters of the cateuory of Hypotricha, and is designated to be a new form constitutin'.: a 
new genus, M. Enami. 

88. Two New Trematodes of Cephalogonimus from Amyda. Yosio OGURO. [An¬ 

not. Zool. Japon., 20 (1), (1941), 27-32, 5 Text-figs.] — Descriptions of 2 new species of the genus 
Cephalogonimus, C. parvus, n. sp., pnd C. manchuricus, n. sp., both of which are intestinal para¬ 
sites of the mud turtle, Amyda sinensis. M. Enami. 

89. A New Chionasjns from Corea (Homoptera, Coccidae). Sigeo KANDA. [Annoi. 

Zool. Japon.. 20 (1;, (1941), 33-35, 1 PI.] — Description of a new species, Chionaspis nishfkigi, n. 
sp. M. Enami 

90. Nouvelles Especes de Scarabaeides du Manchoukuo et de la Coree. Jo7o 

MURAYAMA. [Annot. Zool. Japon., 20 (1), (1941), 36-40.] --Cing nouvelles especes de Scara¬ 
baeides, Sericania latisulcata, n. sp, S. hasegawai, n. sp., Lasiopsis manchurieus, n- sp., L. halgeu- 
sis, n. sp., et Holatrichia reticulata, n, sp., sont proposees. M. Enami. 

91. The Fishes of the Family Psaudochromidae found in the Waters of the Riu- 

Kiur Islands and the Palau Islands. Hydzi AOYAGl. [Annot. Zool. Japon., 20 (1), *1941,, 
41 -54, 1 PI., 5 Texl-figs.] — Thirteen species of the family Pseudochromidae including one new 
species, Pseudochromis kikaii, n. sp., are reported with a key for identification of Japanese 
species. M. Enami. 

> 92. Studies on the Scorpaenoid Fishes of Japan. Anatomy, PhyloReny and Taxo¬ 

nomy (I). Kiyomatsu MATSUBARA. [Trans. Sigenkagaku Kenkyusyo, 1, (1943), 1-170, 4 
Pis., 156 Text-figs.] — Extended studies of anatomy and biometry in the Japanese Scorpnenoid 
filches made the author to establish a new system of classification for the group, a single family 
Scorpaenidae, comprizing 14 subfamilies, 33 genera, 10 subgencra, 78 species, 1 subspecies and 7 
formae. The new cla.ssification is primarily based upon the internal features, being unlike the 
former ones which are mostly based upon the external character. Descriptions of following 
new species, new subspecies and new formae are included in this paper: Sebastes (Mebarus) 
paradoxus, n. sp., S, {Acutomentum') paucispinasus, n. sp., Scorpaena hatizyoemis, n. sp., Ocosia 
fasciata, n. sp., Cocotropus masudai, n. sp., Neocentropogon aeglefinnus, japonicus, n. sp., Sebastes 
iMurasoius) pachycephalus f. nudus, n, form., and S. (M.) p, f, chalcogrammus, n. form. Systematic 
significance of the suborbital bones, the suspensorium and opercular apparatus, the *byoid 
apparatus, the cranium, the vertebrae, the shoulder girdle, the pelvic girdle, the air-bladder, the 
alimentary canal and pyloric coeca is respectively discussed. A phylogenetical consideration is 
also given. M. Enami. 

9t. Rhizocephala of Japan. Sueo M. SHIINO. [Joum Sigenkagaku Kenkyusyo, 1 (1), 
(1943), 1-36, 24 Text-figs.] — Descriptions of 24 species including 12 new.species, Paltogaster 
Imeatus, n. sp., P. reticulatus, n. sp., Saceulina cordata, n. sp., S, imberbia, n. sp., 5. pinnotherae, 
n. sp., S, nigra, n. sp., 5. fabacea, n. sp., S* pugettiae, n. sp., $, upogebme^ n. sp., Loxathy/iocus 



ABSTRACTS (13) 

tomento$uSf n sp ♦ Heteromrrus setoensts^ n sp , and 17 peUundus^ n sp I hr host para<iito inter 
relation was especially taken into account. M hn.imi 

94. IchthyoloflTical Annotations from the Depth of the Sea of Japan, 1-VII Ki\o 

matsu MA'ISUBARA [Journ Sigenka^aku Konk\usyo, J (1), "17 SI 1 PI 24 Text tigs 

2 Tabs] Miscellaneous notices on the d<‘epsei fishes collected from the Sea of Japan Ihi'^ 
senes of reports contains 14 species hf longing to following genera leptodtnus Itatim n gc ii, 
Rythitesn IfomastoluSn Glyptophidium Neo9(opelu% Ar((i ntina, Lfunof^lobsus Yanella and Astrorn s 
Me9 1 oliowing new species are re polled Itpfodtnu^ triocellatus n sp ^ Ifattus mnioUpis n 

gen n sp, ffomostolus japonua n sp h€os(npelu\ muiothn n sp Lf vroff/nssus / n<atus n 
sp and Yatrflla mrugaensis^ n sp M Enami 

95. On a New Serranid Fish, Malakichthys clegatut from Suruga Bay, with Spe¬ 

cial Reference to a Comparison of Hitherto Known Species. Kivomitsu MMSUBAKA 
and Mdsao YAMAC»U1I [Journ Sigenl agaku Kenkvus>o 1 T) (19H 8^ 9b 5 iext figs T 
Tabs] Description of a new species of the genus Malakuhthy^t^ M n sp colU U d 

off IJcta 1/u Peninsula, with some remarks from biometrical standp int asicgarcK the divcrsitv 
of the present species fiom Af fspi^tus md \1 uaktyat M Fnami 

%. Studies on the Striped-Mouse of Manchoukuo. Jipmcsc M lOJvf D\ 
[Misc Rep Sig< nkagaku K«nk^us\o 1 C19il\ 1 22, IJ Icxtfigs] 1 his papci was picpated 
with the intention to leach some methods for investigation of small Mamni ils in taxonomical, 
morpholc^gical ind rcological helcls icbring to iht cases m the stripe d mouse Apodemu*t 
aiprtmus widely and cnmmonlv inhiihiting Manchoukuo (oiicreleh dcscnlird ucouiits of 
piactical use M Lnann 

97. Foraminiferan Fauna of Philippine Waters as Considered in Relation to En¬ 
vironmental Conditions. rJapuitsc ^ Heiko ] I Sr JIM A Masiho M VIU BASI md l^nuka 
KfTA7 \KJ [Misc Rep Sjgcnkigaku Ixi nk>us\o, I, fl9n\ 21-U) 2 ITs '> Text figs, I lihl 
Analyzing the d ila atfoicled b\ Cushmans paper fC ushman J \ 1921 I S Nat Mus Bull 
J(K» , the writers coarseh cnitlined thr vciticai distribution of Joiiminifcii in thr Philipj me 
waters M Fnami 

^ 98. A Catalogue of Mollusca from the Suruga Bay. fj-ipimsc Ixitsuia 0'S AM \ 
[Misc Kep Sigenkagaku K<nk\us\o 2 19IJ), J 47 2 Icxthgs] bll specie s in< luding I'S im 
dc terminc j ones of rncillusca old lined from the Suruga I5d\ aic hstcvl M Fnami 

99. Contributions to the Classification of the Sea-Stars of Japan. II Forcipulata, 
with the Note on the Relationships between the Skeletal Structure and Respiratory 
Organs of the Sea-Stars. Rvoji HAA VSHl [,)ourn Fac Sci Hokkaido Imp I ni\ VI /ool'' 
8 (S), (19 IT, IJl 281, 11 Pis, 111 loxthgs] S\sU mafic stad\ upon Japant<H( mao n ils of the 
oidei Forcipulata which consists of J^tisingidac Zoioastcndac and Astcnidac Description of 
41 kinds including following new species and new forms Odnua panfua foim sa^armana n, 
form , O austun form japonua^ n form , Parabrtstnf^in pdlmtda n sp Fieypllastti ft (iindiis (oini 
oihf»tenst% n form , F tntermtdius^ n sp, /tuonster ornntali^^ xi sp /on sp f )rm giacc/rs, 
n form ^ PedzeeUanter matpstet ooc/isw, n subsp, Ft «^Jc7ias tihinosttma form nbusta n foim, 
Leptastenas ortentalta anmaenbis, xi subsp , L pulduUa^n sp , and p n sp , form tuviaiutnstb 
n form. In additional notes arc dealt with some morphological findings worked out with 111 
species of the sea stars, which show moie or less significant bearing of the Polian vtsiclts and 
the ampullae of the tube feet for the respiratory organirution of this grou]i of animals 

M F nami 

100. The FVtana of Akkeshi Bay. XIIl. Caprellidae. Hu/io IIFINOMI [Toutn 

Fac. Sci. Hokkaido Imp Umv, VI i,Zool), 8 (3j, (1943), 283-300, 11 l<»xt4igs] - Eleven species 
of the genus Caprella including 3 new species, C, atno, n sp , C obtmifrons^ n sp., and C ve/tusta, 
n. sp» are recorded from Akkeshi, Muroran and Osyoro, all in Hokkaido A note on the geo 
graphical distribution of caprellids is added M Enami 
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101. A New Species of Archiannelida, Trilobodrtlus nipponieuSf n. sp. Tohru 
UCHIPA and Shiro OKtiDA [Journ. Fac. Sci Hokkaido Imp Unn , VI (Zool \ 8 (3), (1943), 
301 305, 2 Text figs 1 — A new form of Archiannelida was found at Akkeshi, Hokkaido It bears 
(harartenstu features of the genus 7nhbftdrtlus^ being distinguished from 7' hetdtrt, the sinfitle 
spedeb hitherto rcpiesenting the genus, in the presence of a solitary doisal spine and of ciliary 
binds on the fhoiacH sc'gments and especiailv in the form of the pygidium M Knami 

102. Effect of Diets on Maturation of PleeogloBSUs altivelis. (Japanese') T 

HXNAOKA (hish Invest Suppl Rip, 9, (19i3^, 52 55, 7 1 ahs 1 - Degree of matuiity m Fie 
cofdnsstts altivfhs was demonstraUd to be cotisiderabK enhanced by culturing the fish with diets 
in which hnely maceiated cairot was added as a source of vitaminc A M Enami 

103. Cod Fish as Insulin Source. (Japanese with English resume) M MIGITA 

(Journ Imp Fish F>p Stat, 13, (1943^, l-2d, 2 Text hgs, 9 labs] A series of investigations 
focussing the utility ol the islet tissue of the <od as the source of insulin was undertaken 
Hioddlv speaking, appioximatelv 8 gr of the islet tissue mav be obtainable from 100 fresh hsh, 
and aveiagc yield of insulin pci hsh is estimated to be 20 IL M P.nami 

101. Stimulative KfTect of lemperature on the Heart Beat in the Oyster, Ostrea 
eircumpicia, Ki/o MAFSlT [Scl Rep. Tokyo Hunnka Daigaku, B, 5 (86\ 295 312, 10 Icxt 
figsl R(S]>onse and accomodation of pulsation of the hcait of (htria imumpHia to sudden 
incre^ments of temperature were investigated Icsts were made on c>nt side upon the heart as 
a whole* as well as upon isolated auricle and vcuitncle and on the other side upon fiagments of 
lespective paits, and there comes the lesult that the In eiuentv of pulsation inere*asc*d rapidly at 
fust in response to sudden raise oi temperature and decreased subsequently to a constant yalui 
and, when iempeiature was lowc*ied, it decreased rapidly at hrst, but icgaining suceessueh 
larger values till it attained a eonstant one Such phcnciinenon took place more quiikK when 
the tempexatuie change was moie rapid In a re\erse situation against the change in frequency 
stood the change in amplitude of the heart lieat Ihesi c*xperimtntal results were discussed in 
comparison with He le hrtide k’s acquisitions M Pnami 

105. Temperature and Heart Bea^ in a Fish Embryo, Oryzias latipes. II. Ihe 
Variation of Heart Rate and lemperature Coefficient caused by Incubation lemperature. 

Ki/o MAISUl LSci Rt'p lokyo Bunrika Daigaku, B, 5 (87), 313-3<4, 2 Ic^xt-figs, 3 labs ]- 
Oryzias embryo that had experienced a high temperature (29 ( > ducing its do\eJopmonta) course 
from the egg was at different stages subjected to gradual raiding or lowiTing of environmental 
temipc 1 aturc. and the mode of response to such treatments of the puhatory moycmeml of the 
heail was obseived Results were eompaied with those in the embryo incubated at a lower 
temperature ''17'^C) In the embryo incubated at 29 the iempeiature coefheient showed eon 
sideiable variation aceording te» differem< in develoj mental stage, and some irregular heart beats 
took place ill e arbor stages, which were assume*d to Im* due (o dee leased resistance of the embryo 
to chilling Besides, the he^art rate in such embryo was smaller as eompaied with that in the 
embrvo incubated at 17 C M Enami 

106. Temperature and Heart Beat in a Fish Fmbryo, Oryzias latipes. Ill, Heart 
Beat of the Developing Embryo at a Constant Temperature. Ki/o MATSUI. [Set Rep 
Tokyo Bunrika Daigaku, B, 5 (88 , 325-346, 8 Text-figs, 5 Tabs ] - Measurements were made 
on the heart rate at successive stages of development of Oryztas embrvo which was incubated 
in one of 7 series of thermostats of constant tempeiatures, viz. 17T, 19®C, 21X, 23®C, 25 C, 
27X'* and 29^C. Relation between the heart rate and the developmental time may be expiesssed 
by the equation x~ A-fae~^t (x-hc*ait late, A maximum frequency, a difference between the maxi 
mum and minimum frequencies, k-constant at a given temperature, t developmental time), which 
indicates that the relation may be interpreted upon the basis of a monomolecular reaction. T he 
sum of the total heart boats from the initiation of pulsation till the time of hatching of the 

embryo may be calculated by S~At—a denvation obtained from the above equation. It 

mcreased as the incubation temperature was lowered M. Enami 
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107. The Structure and Development of the Sessile Ctenophore Lyrocieitt impera* 

toria Komai. [Mem. Coll. Sci. Kyoto Imp. Univ., B, 17 (1), (1942;i, 3 Pis, 27 Texf- 

figs.] — Discovery of a new sossiU* Ctenophore from a depth of ca. 70 m m the Sagami Sea 
was already reported by the author in the Proc. Imp. Acad. ’JVkyo, 17 C1941), 216 220. The 
present paper, gives full accounts of his extended investigation as regards the morphology, 
histology and principal events in the developmental course of this very interesting animal which 
IS now rcjiresented by 11 specimens preserved either perfectly or but in fragments. As for the 
systematic position of this Ctenophore the author is of opinion that it may be ranked betwe- n 
Cncloplana and 7'jalfiella, pf which the former is more closely approached by the present animal 
than the latter. Attentmii is called for an old record of the rapture of thi'* animal by Nishikawa 
(ZdoI. Mag. (Tokyo), 8 (1896), 307-309.). Beautiful color plates worked out by Sanada. one of 
the staffs of the Biological Laboratory in the Imperial Palace, who contributed valuable inloy- 
mations of fresh materials of the animal. M. Enami. 

108. Oil the Parasitic Isopoda of the Family Kntoniscidae, Especially those Found 

in the Vicinity of Seto. Sueo M. SUllNO. [Mem. Coll. Sci. Kyoto Imp. l/niv., B, 17 (1\ 
(1942), 37-76, 15 Text-figs., 2 Tabs."] — Seven new species of the Entonisculs pamsitic to the 
littoral crabs nc*ar the Seto Marine* Biological Laboratory are described in detail. Entoitistm 
)aptinicus, n sp.. Porturnon flamdus^ n. sp., Piimntherwn sotttensia^ n. sp , Cancrinn drltoidcs, n. 
sp , Xanthwn spadix<, n. gen. ri, s]>., Tiarinion fulru’i^ n. gen. n. ‘sp.. Micipputn asyrnineiricus, n. 
gen. n. sp. M. Enami. 

109. Studies on the Embryology of Sguilla oratorio l)e Haan. Sueo M. SHIINO, 

[M<’m. ('oil. Sci. Kyoto Imp. Lniv., B, 17 (1). ^1942;, 77-174, 11 continuation of 

Komiu’s work on the same .subject which was limited to the external changes in the de\e]o}>- 
mental course, the present study aimed primaiily the elucidation of the internal changes in the 
course of the entire embryonic life of the animal. Detailed ribservalions initiated at the seg* 
menlati(»n of egg and <'ompleted at the Mage {ust prior to hatching were followed step by step 
with the differentiation of geim layers and the formation of organ sx^^tems. M. Enami. 

110. Studies on the Double Monsters in the New't, Triturus pyrrhognster^ with 
Special Reference to the Origin of their Development. Mamon ICllIKWVA. [Mem. ( oil. 
Kyoto Imp. Univ., H. 17 (1), (^1942), 175- 226, 31'rexl-tigs] - Morphologu-al analysis of 34 oases of 
diaible monsters in the Japane.s(‘ newt, Triturus pyrrhogasier, revealed that the pos‘;ible di'^tur- 
bance n’sponsihle ior such monstrosity is the physiological or potential isolation of the organiser. 
Various types of double monsters may be explained on the a.ssimiption of diveision ol the orga- 
n!s< I in different degrees and modes. Significant features of the \iseoral organs in the double 
monsters are described and the underlying merhaiiism i.s brought into ronsiderali»jn 

M Enuini. 

111. Zur Kenntnis der Koreaniachen Trichopteren. Matsunae TSUDA. [Mem ('oil. 
Sci, Kyoto Imp, Univ., IL 17 (1), (1942), 227-237. 12 Texl-abbn.l—Flinf/ehn Arten von der Tri- 
chopteren-Eauna Koreas .sind beschrieben. Gesehilderte neire Gattung und Aiten sind folgende: 
Venntrichin fusciata^ n. gen. n. sp., Psychamyiella coreana. n sp., Molanna roicarta, n. sp, /.cp/o- 
ecrus $huatsucnsis, n. sp., Setodcs uenoi^ n. sp., und Lithajt yamarnotnij n. .sp. M. Enami. 

112. Japanische Trichopteren. I. Systematic. Matsunae rSUDA, [Mem. Coll. Sci. 

Kyoto Imp. Univ., B, 17 (1), (1912), 239 339, 77 Text-ablm.]—Monographic der Japanischen Tri¬ 
chopteren bisher bekannt. 194 Arten von 16 Familien sind liearbeitet mit den Beschreibungeij 
fiber 43 neuen Arten. M. Enami, 

113. The pH and Temperature of the West Lake and of a Habitat of Freshwater 
Medusae. (Japanese.) Gunji TOMITA. [Shanghai Sizenkagaku Kenkyusyo Ih6. 12 (2), (1942'\ 
167 173, 2 Text-figs., 5 Tabs.] — It was already reportc*tl by the author that a remarkable habitat 
of the fresh-water medusae is located in an islet in the West Lake, Ccmtral China, but the Lake 
water itself is not yet known to be resourceful of the animals. A hydrographical study was 
then undertaken to explain this curious fact upon the basis of difference in environmental con¬ 
ditions probably existing between the water in the islet and that of the Lake. Both the water 
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temperature and the atmospheric temperature in the Lake are considerably higher than those in 
the habitat of medusae, and the pH value in the former is much higher than that in the latter. 
Difference in the pH value between these regions may for the most part be interpreted by the 
difference in the amount of solar radiation which controls the rate of photosynthesis of plants 
as well as the animal respiration and decomposition of detritous matters. M. Enami. 

114. Systematic Study on the Culicini in Tokyo. (Japanese.) Tamotsu ISIHARA. 

[0y6-D6butsugaku-Zassi, 14 (1-2), (1942), 1 22, 14 Text‘6gs.] — Eight species of mostquitos in the 
city of lokyo and its neighboring regions, Cut ex (Cut ex) pipiens pollens^ C. (C.) tritaeniorhynchus, 
C. (Lutzia) vf>raXf Aedes {Aedimorphus) vexana nipponU, A. (Finlaya) togo\ A, (F.) japnnicus, A. 
(Stegomyia) alhopi^tua, Artnigeres (Armigeres) obturbans,' may be identiBcd by the egg shape, 
larva and pupu. M. Enami. 

115. The Fauna of Acid Stream in Japan. 1. (Japanese.) Yosiiti KASAI. [Jap. 

Journ. iJmnol., 12 (1), (1942), 14-21, 1 Text-fig., 4 Tabs.] — Seasonal and regional variations in 
the fauna found in 13 acid streams rpll<[.^).0) in north-eastern and southern Japan Proper were 
investigated with special reference to the con elation between apparition of animals and the pH 
value of surrounding water. It is stated that 28 species of animals occur in the investigated 
streams, ahuiiddnce of them being in the order of Coleoptera>Trichoptera>I)iptcra>Hetero- 
ptera’, Plecoptera>Neuroptera^ -Kphenieroptera. M. Enami. 

115. On a Benthosic Animal, Chaoborua larva, in the Lake Timikeppu, Hokkaido. 

(Japanese.) Motohiro SAKTJR.4 lT, Kiyoe SAKAI and Heizo MIHARU. [Journ. Fish. (Hakodate), 
50, (1942), 50-60, 5 Text-figs., 9 Tabs,] — Chaoborua larvae are the important food for Sotmo 
fitrka in iht* Lake Timikeppu, the significance of the animals being predominating during Aug • 
Nov. and in Mar. of the year. This paper gives some informations roncerning <*cx>logical fea¬ 
tures of the* animals in Sept*. Dec., and Mar. M. Enami. 

117. Medusae and Polyps of Cretapedacusta in Hangchotw, China. (Japam*se) 
Gunji TOMrrA. [Shanghai Sizenkagako Kenkyusyo Ih6, 12 (1942;, 77 86, 2 Pis., 4 Text-figs., 
3 Tabs.] -Occurrence of a fre.sh-water medusa in a smtill pond in an islet in the West Lake, 
Central China, has been known from the time* as e^arly as 1925, and the animal ha*- been var- 
kiiisly investigated .since that time. Preseftt report announces finding of tbi* polyp of this medusa, 
being the first discoverv’ in Asia of the polyp of fresh-water medusa from natural surroundings, 
flvdrographical study concerning the habitat of this medu*-a and field ol>Sf:*rvations on the seaso¬ 
nal change of occurrence of the animal are described. M. Enami. 

IIS. Occurrence of Freah-W^ater Medusae in Soochow, China. (Japanese.) (>unji 
TOMITA [Shanghai Sizenkagaku Keiikyu-yo Ih6, 12 (t), (1942), 87-91, 1 PI., 1 Tiib.] - A 
species of fresh-water medusae belonging to the genus Craspedacusta was found by a Japanese 
inhabitant in 1941 in a small pond at the summit of a hill near Soochow, Central China. A field 
work was done by the author as regards the ecological conditions of the habitat. 

M. Enami. 

119. Ecological Studies on Semiaulcogpira (Cancellata) amurenata (Gerstfeldt). 
(Japanese.) Noboru ABE. [Res. Bull. High. Norm. Coll. Manchoukuo, 1, (1940), 19-40, 12 Text- 
figs., 6 Tabs.] — Ecological features of the habitat of Semisulcoapirat .'locomotive movements of 
the shell under natural conditions and factors concerned with the apical erosion of the shell 
were analyzed. The animal is reported to be positively rheotactic in the rapid flow in summer 
and in autumn, and to migrate from tributaries into main stream of rivers in 4he fall. This 
seasonal migration appears' to be not dependent upon the rheo-, thermo-, chemotropisms, etc., 
but mainly due to reaction of the animal against water pressure, which makes the animal to 
select a constant depth of water. Breeding is observable throughout .summer anfl autumn, but 
may probably come to stop towards the end of autumn. Dqgtee of the apical erosion of the 
shell appears to be parallel to the amount of Fe-content of environmental water. 

M. Enami. 

120. Notes on the Finger-Like Pectoral Fins in three Japanese Pishes. Mitoo 
SATO. ISci. Rep. TAhoku Imp. Univ., IV. (Kol.). 17 (1), (1«42), 1-8, 6 Text^gs.] — The finger- 
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shaped pectoral fins in Leptdotrtgla strauchi, Aputus evolans And Intmuus japontius y\oiL studied 
histoloaicallv as well as from the viewpoint of sensory phvsiologv The organs in the. hrst na 
tned fish aie provided with a kind of specialized chemoieceptors in the epidermis, and seems to 
pi ly some significant role in the search for food buried in thf bottom s md I nhke Lepidotngla 
the other two species lack the thtmoreceplivt oigani/ation in their modihed ptctoral lins which 
appeal to be of no use foi tlu location of hidden food M Lnami 

121. Calcareous Sponges C ollected in the Kanto District, Japan St n]i FANFIA 
(S<i Rep Ibhoku Imp Univ , IV (IJiol) 17 (1 , 17 f)8, 1 1^1 11 Itxtfigs) Foitv spmes of 

( ilcaua collected at various pail^ of thf Kanto District aic rtporlfd lollowingll ntvv sptcus 
ait in luded, hwosoftnia /cwt/Kis, n sp, / str/tn, n •‘p, Si/ron athum n sp , S <ulindttttm 
11 **p S luteolum, n sp, (tmntissa r, sp 6 shmoda, n p, IfUtandia hnzavai n sp 

/ imf ii,raf n sp / mtifsna^n sp / tmkamurtu^ n sp L sola n •'p \nd I tuedia h r uta n sp 

M F I ami 

122 Key to All the Described Species of the Genus Leucosolema and their Dis* 
tribution. Stnji lANHA [Sn Rt} iohoku Imp I niv r\ CR»o] 17 1 71 - 

lit) known spetKs of Cakana belonging to th< gtnus LiUtasoJfnm iit tiiiigcd attording to 
th( inoiphologK il ftaliiits of spuults thi informitions having ir<n tolltrlcd lioin a ‘>tudv of 
lit* I itun Ih< g* nus is divided into 2 stitions auoidin,. to iht )»(sfn(t <r abstiue «f oxt a, 
uul < I h section is furthti duidtd irto I groups icroitling to ♦!< tvp#*- of pitiiUs loralitus 
ol H jtftiM spit It». di( sumnuin/td m a review of tlistributior of lit g ru in thi worll 

\1 1 n imi 

121 Physiological Studies on the Pigmentary System of Crustacea I Ihe Color 
ihangt of a Shrimp Paratya rompnssa Cde Haan), Iimtaki >Sci Kip 

lohol I Imp I mv IV (Riol') 17 I, 19U) 22-1 21-"J, h lt\t(i..s > Ids | lh< pigm r t irv 
Iwhivioi n Paiotifo (ompassa was obsiivtd ind itiilv/td \ inoi s < nls wtrt di sign* d 

(o uf’i e tlu while sioja of the utivi v <f < oloi ihuuts in this shiiin 1> tl giouncl m sp( n 
Sts iirtimatK it utions undt i ♦xpeiimentd surtuin dings, md humt i il nuthtnism loiutntd 
With ih# (hromalojih >»al activities wert considtitd Iht prtsintt fi t nd (iiiu mechmism it 
th< lo tial pait, which w is piopostd In Kollti was not conhriru 1 Iritc rs| i ilitilv of th< evt 
stdk pr m iplt was ohvKius M Tnmii 

124. Studies on Freshwater Brvoroa of Japan. V Ihe Variations Occurring in 
the Statoblasts and in the Number of 1 entacles of Cntdaftlla mi/rtt/o Cuvler M tkoto 
lOKil MI (St I Kt]» Johokii Imp L mv IV (Hioi), 17 0 217 2 >f ( lt\thgs o 

I ills j Morphologic. 1 1 vaiiations in i spttus of Rr>o/oi coUteted in tht Ithoku ind rvuhu 
dlstlut^ wtit t\imuud M In mi 

12.5. Caprellids Obtained in Onagawa Bay, Northern Japan Ilu/io I IINOMI 
[Sti R< p T6hoku Imp Univ , T\ Biol 17 271 27^t (i Text fits ] Stvtn 

including a new om, (apulla /wia/i, n sp , ait ittoidcd fiom the Onagaw i Biv m ii ndai 

M r n imi 

126. Report of the Biological Survey of Mutu Bay 37 Caprellids from Asamusi. 

Hu/io IMINOMI ISci Htp l6hoku Imp I mv , IV (Hud 17 d , 2'<7 (> Uxthgs] 

— St \t n spec'ie*! including a new ont, iaprella V(nusta,n sp , weu obtained from Vsimusi, 

Aomori Pref M 1 nami 

127. Studies on the Crab«Shaped Anomura of Nippon and Adjacent Waters. 

Sadayoshi MIYAKE IJourn Dept ^gl Kvusyn imp Univ , 7 WH) 49 15h 62 lixthgs, 
3 Tabs)— Detailed investigation upon 3b species of Poreellanidac of Japan and its neighboring 
regions with some /oogeographual and ecological considerations A ntw spttics, Pttrolistius 
masakttf n sp , is introduced by this report M F nami 

128. Studies on the Decapod Crustaceans of Micronesia. 111. Porcellanidae. 

SacLiyoshi MIYAKE fPalao Irop Biol Stal Stud, 2 O), Cl942\ 329 379 1 IM , 15 Uxtfigs] 

— Fomteen species including 2 new species, Porcellana murakamtt n sp , and P mtiissa, n sp, 

of the family Poixellanidae aie described Materials were secuicd from various pirts of the 
Micronesian Islands M Fnami 
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129. On the Migration of Calciiim during the Moulting in Several Crustaceana. 

<Japanese with Enf^hsh resumo ) Haruo NUMANOI IHiill Sigenka^aku Konkyusyo, I (1), 194 \\ 
1 23,4 T<xti]gs,24 lahs] — The mobilization of tht calcium compounds duiing ecdvbis in 2 
decapods, Sfsorma haematfKhur did 6 dihaam^ md an Isopod, Ltgia exotica^ was investigated 
with special lefeiencc to < iltium storing and the biochemical basis for the cdlcium migrat on 
Fhe fust named crab shows formation of the gastroiith as a 5[)eridl reservoir of calcium, the 
second one makes use of the hepatopancreas as a icscivuii and the last animal lacks unv specinliy 
diffeientiated structures n sponsihlt for stoiage of calcium, altein itc cesling ot the rxtJMae j)ei 
fonning the hinction in it In connection with dissolution into the b’ood ol calcium resto ed in 
such reservoirs or in the cai ipacc, the pll ealue of the blood and various tissue extti u is 
examined hoi the mobilization of calcium the carbonic anhydrasc is considered to pla\ a signi 
ficant part, the enzyme being assumed to be distributed in the ordc of hepatopanci^ is blood 
gonad gill digestive tract mu’^clc caiapace M Finmi 

130. Significance of the AnimaFs Proper Pituitary Gland in Experimental Induc¬ 

tion of Ovulation in Onychodactylus japonieus ^Houttuyn). fja[>dncse ) Dvohati \AKA 
Ml’R\ [7 )ol Mag (. 1 okvo),I 10,2 lexthgs, b Tabs] Iht author issumtd 
from his foicgoiiig cxpeiiments that the cessation of ovulation in Ontfihodaitijlus m ( iptnity 
m ght pnbibly due to inactivated state of the hormone^ of tit ante nor lobe of the pituitaiv and 
n )t to cjuintitatixc decrease, m the hormone under artificial suiroundirgs IhisvKwwcs ubst in 
tiatcd bv the result of the present cxpeiiment showing thit slight JnJur^ or mere prick with a 
needle of the pituitary gland whi h might induce liberation of the pituit irv })iinciple ir to the 
blood caused com]iUu ovulation in the o^eritcd animal and that susceptibilitv loi in|ect<»n ot 
the prrgntncy mine winch was too cITtetive foi induction of o\ lation \v is pcxceptibb higher 
in hvpophysettomi/ed animal than in intact ones, possible eausr of such a fact being < )''i(i*r€d 

to be tcmpoiiiy libciation into ibe blood of slight amounts of the pituitarv hoimont i the 
hv|.oph\sect<mii/e d animals it the time ofoperition It was conclude d ll it ^ufliiienl imo n ts of 
the pituitaiv hoirnote is pioscivcd in the gland of animals in (<lptl\lt^ but its Iibeiition is 
hindered un le i the ire iimst me < It was fuithei dedueed that the intact pituifarv glan 1 i the 
animil s own dofs not eoncern in anv signific int w iv with the irtificial induction of o\u ition 
by means of injeetion ot the mteiior pituitary hoimone M Fniin 

131 Precocious Development of tl|e Silk Gland following Ablation of the Corpora 
allata in the Silkworm (Ji\ imst with Inghsh resume Soichi MJKlUfX (/o I Mag 
lokvo , ‘54 1) (1‘M2 11 n, 2 Text figs] Morphologic d as we II is function il development of 

the stlk glind in the likworm was rcmatkably accelerited as the lesult of cxtiipation of the 
coipora illata Ih« cjpoi Ukm was peifeuineel on the 3rd >r the 4lh day of the 3rd or the kh 
inst ir, ind the opciited I irv ic began to form the coeuons in 1 oi 1 days following the ope.ri 
tion showing rcmiikilU picmatuntv in contrast to intact larvae which were at those imes on 
thf 2nd d »v of the 1th instai or on the 1st <»r the 2nd day of the 3th instar The silk glands 
ot the operated laivat spinning their cocoons wcie vciy well developed, taking the apptarinee 
ot miniature niatuie glands, vvhnf thoM of the control animals were still in a quite unde v/e loped 
stHte M Lnami 

132. Rare Fishes from Kii and Tosa, Japan. (Japanese ) loshiji KAMOHAKA 

[7ool Mag (Tok\o), 5t (1942,23 28, 1 1 ext fig] — Iittecn species including sevenil raicK 
known ones collected in the Provinces of Kn and lo-^a are icported M Enami 

133. Induction of Ovulation in Onychodactylus japonieus (Houttuyn) by Inter¬ 

cepting the Solar Effect. (Japan st) Dyohati NAKAMURA IZool Mag (Tokyo 34 
(191^), 31 59, 3 I ext tigs, 7 labs] In this paper is reported a new method of aitificial indue 
tioii of ovulation in OnychodoLtylun which has long been known to be incapaMe ot ovulation 
under ixpernmntal hboratory conditions Fhe method consists <>implv of shuttiniu off the effect 
of sunlight, the animals being r tamed in water of low temperatures (10 1 O Under surh 

circumstance ovulation took place m ca 2 weeks, ca 3 days having been leijuiicd tor completion 
of ovulation I he author is of opinion that the usual inhibition of ovulation in ammaU in cap 
tivity may be due to inhibition ot actuation of the anterior pituitary hormone by the tfleet of 
sunlight and release ol the pituitaiy activity from the solar effect may result in ovulation 

M Enami 
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134. Sur une Nouvelle Esp&ce de Trematode du Genre Coitocoecum. (Note preli- 

minaire.) Toji OGATA. [.Zool. Mag, (Tokyo), 54 (2), (1942), 85-88, 2 Figs.]—Description d'une 
nouvelle espece de trematode, Coitocoecum pcdaoensis^ n. sp., obtenuc a File de Palao de Fintestin 
grele d’un poisson, Toxotes jaculator, M. Enami. 

135. On the Rearing and Metamorphosis of Baianus amphitrite hawaiiensis 
Broch. (Japanese with English resume.) Motosaku HUDINAGA and Hirosi KASAHAUA. 
[Zool. Mag. (Tokyo), 54 (.3), (1942), 108-118, 11 Text-figs.] — The authors succeeded in reating 
the larvae of the barnacles, Baianus amphitrite hawaiiensiSj B. a. albicostatus and Tetraclita. 
squamosa. 'The last-named species succumbed before settling, but the former 2 attained the adult 
forms. Method of rearing was much the same as in the case of rearing the zoea of Penaeus 
japonicuSy the barnacle larvae having been fed with artificially cultured diatom, Skeletonema 
Cfistata. Detailed description of the developmental proce.ss in B. a. h. is given. M, Enami. 

136 Termites from Palao Islands. Masamitsu OSHIMA. [Palao Trop. Biol. Stat. Stud., 
2 >3), (1942), 381-389,5 Text-figs.] — Four species of termites commonly found in the Palao 
Islands are studied from the morphological view-point. They are Calotermes {Neotermes) kanc’ 
hirae. Eutermes {Grallcdotermes) brevtrostris. K. {Eutermes) paluoensiSt n. sp., which attack chiefly 
the coconut palm, and Rhinotermes (Schcdorhinotermes) longirosfris, the most common species 
infesting all sorts of wooden structures. M. Enami. 

137. Bopyrids from the South Sea Islands with Description of a Hyperparasitic 
Cryptoniscid. Sueo M. SIIIINO. [l^alao Trop. Biol. Stat. Stud., 2 (3), (1942\ k37 158, 7 

ligs I — Following species of Hopynds collected at various localities in the South Sea as well as 
trom Australia are reported: Bopyrina miyakei^ n. sp., Aporohopyrm ryukyuenns^ Apnrubopyrosa 
poufica, n. gen. n. sp., Merocepon xanthu Dcutylocepon palaoensL% n sp., Grapsicepon miertmesia- 
num^ n. sp., and Scyracepon nceamrumy n. sp. One of the specimens of the last-named was found 
to contain in its hrood-pouch a new Eplcaridcan hvperparasite, Cabitops tuherculatus^ n. sp., des¬ 
cription of which j.s added. M. Enami. 

138. On a Collection of the Fishes at ttie Palao Islands. Hyo/i AOYAGI. [Palao 

Tiop. Biol. Stat. Stud., 2 (3), (19-12), 459-467, 9 Text-figs.] — 'rwentv-foui .species collected from 
the Palao waters are briefly dealt with. M. Enami. 

139. Taxonomic Studies on the Puffers (Tetraodontidae, Teleostei) from Japan and 

Adjacent Regions. I. Vertebral Varaiation. Tokiharu ABE. [l*alao Trop. Biol. Stat. Stud., 
2 \,3), (1942), 477-496, 2 Pis., 2 Text-figs., 12 Tab.s.l — Examination of a large nunibei of materi¬ 
als Ivclonging to the family Tetraodontidae obtained from w'atcrs of Japan aiul its adjacent 
regions rendered results indicating that the vertebral column may be of use as an indicator of 
natural aflinitv among the fish in ijuestion. The genera can he segregated from each other by 
the number or the form of vertebrae, hut closely allied species are hardly distinguishable from 
one another by fh<' features of the vertebrae. M. Enunii. 

140. On the Feeding Habit of a Holothurian, Stichopus japonicus Selenka. 

Toshihiko YAMANOUTl. fZool. Mag. (Tokyo), 54 (9), (1942), 344-316, t Text-fig.. 2 Tabs.] — 
Feeding activity of Stichopus japonicus takes place discontinuously at irregular intervals through¬ 
out the day, no obvious diurnal rhythmicity being detected. This fact differs from the remark¬ 
able monophasic diurnal activity observed in other species of the genus Stichopus, such as S. 
variegatus, S. chlaronotus, etc. A summary of types of the feeding behavior hitherto examined 
in to species of Holothurians is added. ' M. Enami. 

141. Diacrimination of Number Given in the Form of Visual Stimuli in the Tor¬ 

toise Clemmys Japonica, (Japanese with English resume.) Noboru OHTSITKA. [Zool. Mag, 
(Tokyo), 54 (5), (1942), 167 171, 1 Text-fig,, 5 Tabs.]—Training experiments were carried out to 
test the possibility of discrimination of number in Clemmys japonica. Results show that the 
animal is able to distinguish 2 figures from 1 or 3 irrespective of the forn#Size and spacing of 
figures employed. M. Enami. 
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142. On the ChromosmM of Four Spedeo of Crabs (Bradisnira, Deeapoda)« 

(Japanese with Englich r4suni4.) Hidejiro NIIYAMA, [ZooL Mag. (Tokyo), 54 (8), (1942), 302- 
306, 4 Text-8gs.] — Numbers and morphological features of the chromosomes observed in the 
male germ cells of 4 species of crabs are reported. Following table summarizes the principal 
results of the study. M. Enami. 


Species 

Chromosome Number 

2n n 

Formula 

Matuta lunaris 

94 

spg 

47 (I, 11) 

4V-i-90r 

Ranina ranina 

106 

spg 

53 (I. II) 

24V-f82r 

Scylla serrata 

106 

spg 

53 (1. II) 

all rods 

Telmessus cheiragonus 

124 

spg 

62 (1. 11) 

8V-hll6r 


In this table spg indicates the spermatogonium, I the primary spermatocyte, II the secondary 
spermatocyte, V the V-shaped chromosome and r the rod-shaped chromosome. Presence of any 
specialized chromosome was not proved in the spermatogenesis of the sj)ecies examined. 

M. Enami. 

143. Regeneration of the Tail and Tail-Fin in Teleost. (Japanese with German 

resume.) Hidesi MORI. [Zool. Mag. (Tokyo). 54 (3), (1942). 119-124, 1 pi., 8 Text-figs.J — Mode 
of regeneration of cut tail and tailfin in the killifish, Oryzias latipes, was examined with the 
conclusion that neither the stump of fin-ray nor the basal plate is decidedly necessary for 
regeneration of the injured parts, regenerating process is markedly affected by t<*mperature, whose 
optimum range is considered to be 25*29'C, the younger the operated animal is the stronger is 
the regenerating power, etc. M. Enami. 

144. Ascidians Found on the Mangrove Trees in Iwayama Bay, Palao. Takast 

TOKIOKA. IPalao Trop. Biol. Stat. Stud., 2 (3), (1942), 497 -506, 1 PI, 2 Toxt-figs., 1 Tab.]-- 
Descriptions are given ol 2 species of compound ascidians, VolynUvr {Evdi^Uma) olirareus and 
Leptoclinum virens^ found attaching to the mangiove trees at the Korror Island, Palao Islands. 
A short note with reference to an experiment on the oxygen-productivity of yoochlorellae inclu¬ 
ded in Leptoclinum tdrens is added. ^ M. Enami. 

145. Syatematic Studies of the Plankton Organisms occurring in Iwayama Bay, 

Palao. 1. Introductory Notes, with some References to the Surface Water Temperature 
and the Settling Volume of Planktons in the Bay. Takasi TOKIOKA. (Palao Tiop. Biol. 
Stat. Stud., 2 (3), (1942), 507-519, 5 Tabs.]*—Distribution of the surface water temperature w'as 
studied with the intention to outline the range of the littoral characters of the water in Iwayama 
Bay, a lagoon within a lagoon, being encJo.sed by the Korfor Island and the Orupusyakaru- 
Island, Palao Islands. Settling volume of the plankton collected at various sites in the Bay wa.s 
dealt with in comparison with the result of temperature measurements. M. Enami. 

146. Systematic Studies of the Plankton Organisms occurring in Iwayama Bay, 

Palao. II. List of Diatoms occurring in the Bay. Yosiyuki MATUE. [Palao Trop. Biol. 
Stat. Stud., 2 (3), (1942), 521-525.]- - Seventy-six species of diatoms collected in the Iwayama 
Bay are listed. M. Enami. 

147. Systematic Studies of the Plankton Organisms occurring in Iwayama Bay, 
Palao. 111. Chaetognaths from the Bay and Adjacent Waters. Taka$i TOKIOKA. 
[Palao Trop. Biol. Stat. Stud., 2 (3), (1942), 527-548, 3 Pis., 11 Text-figs.] — Chaetognaths collec¬ 
ted in the Palao lagoon, the waters surrounding the Palao Islands and those from the Arafura 
Sea are reported. Sagitta tropica^ n. $p., and 5^. lacunae ^ n. sp., arc described as new to science. 

M. Enami. 

148. Systematic Studies of the Plankton Orgsnisms occurring in Iwayama Bay, 

Palao. IV. Copepoda Urom the Bay ahd Adjacent Watars. Taicamoehi MORI. [Palao 
Trop. Biol. Stat. Stud., 2 (3), (1942), 549-580, 7 Pis.] — Fifty-four species of adult forms and 7 
species of immature stages of Copepoda are reported from the waters surrounding the Korrar 
Island, Palao Islands. Following 3 new species are included: Acartia tokiokai, n. sp., IdyeHintt 
eUmgata, n. sp., and Spinocalanus pacifiem^ n. sp. M. Enami* 
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149. Systematic Stadies of the Plankton Organisms occurring in Iwayama Bay, 

Palao. V. Two Planktonic Suctorlans from Palao. Kanefumi NOZAWA. [Palao Trop. 
Biol. Stat. Stud., 2 (3), (1942), 581-584, 1 PL, 2 Text-figs.] — Ephelota pusilla found attached on 
the shell of the veliger larva of a gastropod and E. gemmipara found on the abdomen and ap¬ 
pendages of CcUanus vulgaris are reported. M. Ena mi. 

150. Systematic Studies of the Plankton Organisms occurring in Iwayama Bay, 
Palao. VI. On Brachyuran Larvae from the Palao Islands (South Sea Islands). 

Hiroaki AIKAWA. [Palao Trop. B oL Stat. Stud., 2 (3), (1942), 585-611, 18 Text fig-s,] — Types 
ot /oeas collected from the Palao waters are classified and the zoeal community in the Iwayama 
Bay is discussed. M. Enami. 

151. Systematic Studies of the Plankton Organisms occurring in Iwayama Kay, 
Palao. VII. A preliminary Report on the Appendicularian Fauna of the Bay and the 
Adjacent Waters. Takasi 'fOKtOKA. [Palao Tioi). Biol. Stat Stud , 2 '3), ;TfJ42,613 616.] 

- Lists of Appendiculaiians collected in the Iwayama Hay, in the neighboring whalers the 
Palao Islands and from the Arafma Stfa are given. M. Ei.ami. 

152. On the Alliedness of the Japanese and the California Sardine, a Morphological 

and Statistical Study. IkusaKu AMEMTYA and Osamii 'rAMURA. [Journ. Coll. Agric., 
Tokyo. Imp. Unix., 15, No. 2 (1942), 133 180, 15 Text-figs., 4 Pis. and 12 Tabs ) The .lapanese 
and the California saroine, Sntciina melano:>ttcta ai d .S. cacruli a, wen* (ompaied with respect to 
each body purl morphologically and to the means ol measurr inents of clueacleis stati.stically. 
Betwi^en the two fishes no morphological difference can he found, h as in th*' structure* of 
the procf‘'‘SCs ol gill-raker, the* xei.tr.d scutes and the opeicle. Diffeienc c‘s existing hc'lwuen the 
two lishes aie those characters which can onlv b«* fcvui d l>\ statistical iomp»ui-oii, namely, the 
head-length, numher of ventral scutes and numhei of vt^rtebrae. The ht-ad lcmglh of the Japanese 
saidinc* is longoi' bv 1,5-2 in the body-length than that of the California .sardine. Tlie num¬ 
ber of vc*ntral s« ute.s of the Japanese i»ttrcline (313 34.1) is 13-14 than in the California 

sardine (35 7) The number of vertebrae in the Japanese .sardine (50.761 9(>4.S) is just one 

lo'is than that in the ('alifornia sarnine (51.67^:0.0046'', while the histograms ol veitebral number 
in “All Japan"' and “All America" sardine show the* common area of 40,1''^.. T'he authors are 
of opinion that the degree of diffeience between the two sardines should hi- regarded as that 
occurring in one specie-, namelv, between varieties or subspecies. Anthe rs. 

153. A New Hereditary Type of Rumplessness in the Fowi. vJapanese with English 

resume ) Bumpei HAYASI [Jap. Jour. Oienet., 18 ffi), (1942,, 251 260, 9 'Lxt-figs, 1 Tabs.]- 
Tailless donio-stic fowls appeared sporadically as on occasional occuirence in a flock of normal- 
tailed white I.egliorns under rearing at Sapporo. From a morphological study they wc'n* known 
to be completely lacking one or two synsacral vertebrae*, the free eau lal \ertihrae and the 
pygostyle. Such form.s an* to he designated as cases of the rumplessi ess .Some genetical ex¬ 
periments were undertaken with a view to d€»termine whether or not the runipless ch^iracler in 
these birds is heritable in the same sense* as that reported by Dunn and Landauer. Results 
were very illuminating, showing that the character in cjuestioii might he inhe rited h> a simple, 
Mendelian recessive gene, which may be symbolically rcpre.sented as r. M- Enaini. 

154. Notes on the Chromosomes of Bfachf/trupes portent onus (Gryllinae, Gryllidae). 

(Japanese with English resume.) Eizi MOMMA. [Jap. Jour. Genet., 18 (6), (1942\ 399 312, H 
Text-figs.] — Individual variation is the remarkable feature known in the chromosome number of 
the large brown cricket of Taiwan. In addition to six different types hitherto reported by 
Tateishi and Ohmachi, the present writer found two other <hromo.some comjTexes, viz., 5 V’s-f 

2 J*s-f7 rods+X and 5 V’8-b2 J".s-l-7 rods4-2 m-chroms.-bX. M. Enami. 

• 

155. Oenetieal Studies on the Colour of the Ek and Eye in the Silkworm. 

(Japanese.) Kanichiro SUZUKI. [Jap. Jour. Genet., 18 (5). (1942), 279-284, 4 Tabs.] A review 
of the recent acquisitions concerning the genetical problems relat.ng to coloration of the egg and'- 
eye in the silkwotm. M. Enami. 
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156. On the Species Hybrid of Rana japonica-^-'KRana temporaria temjporaria t • 

(Japanese.) Tobidro KAWAMURA^ [Jap. Jour. Genet., 18 (3), (194Z),. 135-138, 3 Tabs.]’--A 
cross between Rana japonica 4- And R, temporaria temporaria t was successful in producing the 
hybrid males that attained the maturity. Observations upon the hybrid tadpoles as well as upon 
the animals after metamorphosis showed that the hybrid forms are provided with the morpho¬ 
logical characters which are approximately intermediate between those of the parents except’ 
for several features in which the hybrids approach more closely to R. temporaria temporaria 
than to /?. japonica. Inspection of the gonad of the mature hybrid male disclo.sed several peculi¬ 
arities; the spermatozoa are very scarce and enormous in size, and there are indications sug* 
gesting that the spermatogenesis in the hybrid may he of wholly different procedure as com¬ 
pared with the normal events in the frogs. A hack-cross attempted between such hybrid males 
and the female of R. japonica was proved to be failure. The same was the case in a cross of 
R. tcmpoiaria temporaria japonica , M. Enami. 

157. A Case of the Mosaicism in the Silkworm Egg, Probably due to a Recessive 

Mutation. (Japanese with English resume.) Yataro TAZTMA. [Jap. Jour. Genet., 18 (6), (1912 , 
305-308, 3 Text-figs., 1 'lab.] -Application of a high temperature of 40-i-lX to the silkworm 
eggs obtained from a crossing of (/^ YjP^ Y, Re PefRe A04-x(iP yfP y, re peirc pe)(/^ produced 
a number of the mosaic eggs, of which four gave rise to the caterpillars. One of the catei pillars, 
which was heterozygous ‘itriped, developed to a female moth provided with a mosaic eye con¬ 
sisting of black and pink facets. Fr<;>m an experiment in which this female moth was mated to 
a (p yip y, pe/pe) male, it was known that Pe pe rctio was quite abnormal, which is to he at¬ 
tributable to certain almormal behavior of the Pe gene. Such mav he interpreted as a result 
of the recessive nuitation of Pe to pe in the two cell stage. M. Enami. 

158. Genetical Studies of the Lady«Bird Beetle, Harmonia axyriditt Pallas. Vh 

(Japanese with English resume.) Yasusi HOSING. [Jap. Jour. Onet., 18 (H), (1942;, 285 296. 
36 Text-figs., 21 Tabs.] - In the continuation of the foregoing experiments concerning the inheri¬ 
tance of the elytral patterns in Harmonia axprtdtstWxa report is dealing with the type of surcinea, 
the most recessive character of the elytral patterns that have been*knovvn to be inherited by the 
allelomorphic genes located on the autosomes. Six conspicuous subtypes of succtnea (sucrineo l^ 
8uccinea-2, etc.) might be elicited experimentally chieflv through the effect of the environmental 
temperature, which were served as the materials for crossings of various combinations. A'* the 
result it was established that each of such subtypes of succinea may he due to a factor (p^ — 
factor for succinea-1, p---for' succtnea 2, etc.) belonging to the same allelomorphic series as 
conspicua (/*’), gutta {P''\ dislincta {P^*), etc., and they may behave as rcre«si\es to all the latter 
types. ^ M. Enami. 

159. The Chromosomes of Scolopendra damnoaa L. Koch (Chilopoda). Sapro 
MAKING and Hidejiro NIIYAMA. [Jap. Jour. Genet., 18 (1), (1942), 34 40. 15 Text-figs.] - A 
study on the chromosomes of Scolopendra damnosa was carried out upon the male sexual cells 
with the result that the chromosome number in the spermatogonium is 28 (2n) and that in the 
spermatocyte is 14 (n). The information hitherto reported that the centipede.s have the sex- 

chromosome of X -O type is denied from the present study. M. Enami. 

«> 

160. On the Hybrid between the Domestic Fowl, Gallus gallus var. domesticua^ 
and the Common Pheasant, Phasianus colckicus, (Japanese with English resume.) Marq. 
Yoshimaro Y^AMASHINA. [Jap. Jour. Genet., 18 (5), (1942), 231-253, 5 Pis., 28 Text-figs., 2 Tabs.] 
— Hybridisation experimetu.s were realized between the domestic fowl and the common pheasant, 
the cross between these forms being made without any difficulty in captivity. From various 
combinations of the parent birds 164 hybrid eggs were obtained, of which 46 eggs were proved 
to be fertilized, and 9 unhatched embiy^os, 12 chicks and 9 adults being finally produced. Analysts 
of these hybrid off.springs showed that, notwithstanding previous informations stating that the 
males were produced in excess from the similar cross, the sex-ratio in the present case was 
approximately 1:1. It was remarkable that the female hybrids largely sucumbed during the 
incubating period and also in the early stage of the chick,^ the result suggesting that previous 
authors might have worked upon the adults only. The most successful combination was the Red^ 
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hackled Shamo ^ xthe Korean Ring-necked Pheasant 4* vvhich rendered a high fertility of 37%', 
other combinations, e, g., the Black Shamo t X the Korean Ring-necked Pheasant 4- and the 
Red'hackled Shamo Bantam Xthe Korean Ring-necked Pheasant 4 , each showed a fertility of 
nearly 13%. Feather patterns and other external characters of the resultant offsprings and sonw- 
ecological features of them are examined. Sex-hormone injection was carried out in two F/ 
males of 24 months old with no remarkable effect upon the activity of the germ cells. 

M. Enami. 

161, On the Chromosomes of Hydra. (Japanese.) Hidejiro NITVAMA. [Jap. Jour. 
Genet., 19 (1), (1943), 46]- Chromosomes of three species of Hydra are reported. Hydra vulgaris 
attenuaia has 32 chromosomes in 2n, //. circumcincta 30 (2n) and Felmatohydra oligactis 30 r2n). 

M. Enami. 

162. On the Chromosomes of Some St»ecies of the Zygopterous Dragonflies (Odo- 
nata, Zygoptera). rJapanese with English resume.) Hisao KICHIJO. [Jap. Jour. Genet., 18 
(5), (1942), 273-276, 43 Text-figs,]• -Chromosome numbers were examined in the male germ cells 
of .seven species of the dragonflies belonging to J.4^stidae and Coenagriidae (Zygoptera-Odonata)- 
Results were as follows. 


Species 

Lestes sponsa 
Sympycna fusca 
Agrion hirroglyphicum 
A. sp. 

Ischnura svrtvgalf nsis 
Agrificnemis svlcmon 
Coprra annulata 


Chr Number 


2n 

n 

25 

13 

i 

13 

(27. ; 

14 

(27, ■ 

14 

r27 - ; 

14 

(2<) 

U 

(25; 

13 


M. Enami 


163. Biochemical Studies on Factors augumenting Lactation. I. Extraction of 
Lactating Hormone from Pig Liver. Iwuo IWAMURA. [Jap. Jour. Zootech. Sci., 14 ;2), 
(19-11), 57-59, 2 Tabs.]—Prolactin was extracted from the pig liver. * M. Enami. 


164. Studies on the Thermophilous Animals of Japan (XXXII). The Fauna' of 
Hakone Hot Springs. (Japanese.) Yuichi ITO and Mitsuo IIYEMURA. [Jap. Jour. Limnol., 
12 (2), (1942),'50 55, 3 Text-figs., 1 Tab.] — Fauna characteristic of five hot springs surrounding 
Hakone was dealt with. M. Enami. 


165. On the Habits and Early Development of Pseudosciaena crocea (Richardson). 

(Japanese.) Tetuo YAMADA. [Suisan Gakkwai Ho, 8 (3, 4), (1941), 184-189, 2 Text-figs.] -- 
P^eudosciaena croceat which is economically of considerable importance along the coast ot the 
Yellow Sea, is dealt with in its curious habit of sound production and the developmental course 
within the egg. M. Enami. 

166. The Fauna of the Acid Streams in Japan (2). (Japanese.) Yosikazu KASAI. 
[Jap. Jour, timnol., IZ (2), (1942), 56-62] — In the continuation ot the report (1) this paper com¬ 
prises some biological remarks as regards the important groups of animals found in thirteen acid 
streams in Japan. Animals that were found to inhabit the water of pH<5.0 are Coleoptera (25 
spp.), Trichoptera (15 spp.), Diptera (11 spp.), Heteroptera (8 spp.), Plecoptera (5 spp.), Neuro- 
ptera (5 spp.), Ephemeroptera (4 spp.) and other groups (7 spp.). Rhyacophila towadensis, Prott> 
netnoura sp;, Notonecta triguttata^ Sigara subatriata, Protohermes grandist a species of Empidae, 
Eukiefferiella sp. and Polypeddam sp. were pbtanied from the water of pH<2.0. M. Enami. 
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167. On the Fishes of the Genus CoUiehikyB caught in Korean Waters. (Japanese ) 

H \ABE [Suisan Gakkwai Ho, 8(3,4), (1941), 173 183, 13 Text figs, 3 Tabs]— Notes on the 
morphology and hiologv of Colluhthys, fragths and C mveatm which were caught near Chosen 
(Korea), are given Attention is called to their ecomical value M Enami 

168. Gametogenesis and the Breeding Season of the Japanese Common Scallop, 

Pecien {Patino-^ yesBoensis Jay. fJapane‘.e with English resume) Gotar6 \AMAM010 
[Bull Jap ^oc Sci Fish 12 (1), (1943) 21 26, 1 Text fig] An inquiry into the gametogenesis 
in the Japanese com non scallop in the Mutsu Bay, Aomori Pref, was done with the following 
results 1 ulK >.iown ova and spermatozoa are found duiing the period from Feb to June, actue 
spawning in its full scope from Apr till May hrom Mar On the artificial fertilization is possible 
Maturation of th* male gonad was observed in the one year old individuals showing th a the 

male is scvualK active m the second year of the development M Fnami 

16^. Effects of Low Specific Gravity of the Medium and Exposure to Air on the 

Bath Sponge Euapongia officinalia. (Japanese with English resum6 ) Tadasi TAMUUA and 
Yosito KWVAGOL [Bull Jap Soc Sci Fish , 12 (1943), 27 29, 2 labs] Resistance of 

Eu9ptmgta offi(wah9 against lou^ring of the specific, gravity of the environmental sea wat< r an! 
that against exposure to the iir were examined in connexion with the problem of conditioning 
the cultivating milieu for the sponge It was observed that the range of lower specific gravity 
as low as 1 did not induce the death of the animal foi h\e hours of immersion Howevei 13 
20 hours’ sojourn of the sponge in the medium of 100507 1 00000 of specific gravitv was fatal 
The sponge was able to withstand exposure to air under 29 1 C for 15 hours, hut died in 24 
hours M Enami 

170. Phyllosomae of the Genus iPcritiilfriza. (Japanese) \ OSIMA {Suisan Gakkwai 

Ho, 9 (1; (1942') 3b it, Text figs 4 labs | Morphohgic il study o*’ phvllosomac chirflv colhc 
ted from the Japanese watexs In the specimens cximined two types were rtcogni/cd, vvhi<h 
weie respectiveh dealt with as I orm K and hoim F after Guinev’s designation of lot ms \ B 
and D A key for the iIcntificatie n of phvllosomae of the Genus Punttltrus hitherto known is 
added M Fnami, 

171. Observations on the Spawning and Age of Hgpomeaua olidua. (Japanese ) 

Tkusaku AMEMHA and \oshio HIVAMX [Suisan Gakkwai Ho, 8 (1), (I9t0\ 40^b2, 4 I ext 
hgs , 11 Tabs] F^om study of the *iLa.les of Hypomtsus e^/tc/tiv rihtSnrd from the Lake Kasumiga 
Gra, the wliters arrived it a conclusion that age determination might be possible by enumeration 
of the bands which are represented bv difference m width between an> successive circuli, ns«.um 
mg that the wider baud'* being toimcd m the summer and the narrower ones in the wintci 
Upon the basis of various lints of evidences gained from the studif*s of the scale mirks these 
authors are of opmion that the fish is to be considered to spawn after one year, and in the 
second year Ca 1/4 of them survives to spawn Fhereafter cu 1/5 of the fish that havt coniide 
ted the second spawning remains, of which very small number of individuals conduct the thud 
spawning No specimen was oht lined which shows any decided indication of performanc e of the 
fourth spawning The hsh grows up to 8cm in one year and to 9 10cm m two years in the 
l^ke M Enami 

172. Growth of Scales of Salmonid-Type under Rearing Experiment. (Japanese ) 
Ycishio HIYAMA [Suisan Gakkwai Ho, 8 (2), (1940), 105 115, 5 Text figs, 2 Tabs] In spile 
of the common application of the method of age determination from the study of morphological 
features maiked on the fish scales, no extended attempt has been made as regards the experi¬ 
mental reasoning of the conception This repenrt affords several evidences proving the adequa 
tehess of the method in the Salmonid type of scales Work was done with Oryztaa laHpe^ that 
had come from the same strain and had been spawned on the same day A lot of the individuals 
was reared for 1/2 year in an outdoor pond and was fed well, while another lot was confined 
for one year in a laboratox^ aquarium under scanty nounshment Examination of the scales of 
these respective lots showed that the environmental condition in the first lot was appreciably 
impressed in various distinguished features on the scale, difference between the scale features 
of either lot being significant in the mean values, not in individual companson. M. Enami* 
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173, Migratory Habit of Meretrix meretrix. (Japanese.) Keitaro UCHIDA. [Suisan 
Gakkwai Ho, B (3,4), (1941)^ 3 Text-figs., 5 Tabs.] — Immature rlam Meretrix meretrix performs 
an interesting mode of rapid migration protruding a long transparent visi'ous rord from the 
posterior part of the shell, the clam itself being trawled by the cord in the diret;tion of the 
ebb-tide t*uir»’nt by which it is drawn adrift. Ovving to such a passive mode of locomotion the 
clam can make considerable distance ivith velocity as nearly as that of the occasional current. 
Active migration was o’ served from the early summer to tl e autumn, activity reaching its height 
in Aug. Direct motive for the activity is supposed to be associated with the need during the 
developmental course for the habitat of deeper water. M. Enami. 



















